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PREFACE 

On F eb ruary 9 ,  1 9 7 2 ,  the National Petroleum Counc i l , an o ffi 
c i a l l y  e s tabli s hed industry advi s o ry body to the Secretary of the 
Interior , was reque s ted by th e A s s i s tant Secretary of the Interior 
for Ene rgy and Minerals to  undertake a survey o f  the factors - - e conom
i c , governmental , te chno logical  and environmental - -wh i ch affect the 
abi l i ty of dome stic  refining cap a c i t y  to re spond to demands for 
e s s ential  petroleum products . The As s i s tant S ecretary asked that 
the Counc i l ' s  report discuss  tho s e  el ements which are considered 
e s s entia l to the development of domes t i c  refining cap a c i ty . ( S e e  
App endix A for reque st letter . )  

I n  respons e to this requ es t ,  the National Petrol eum Counc i l  
e s tab l i s hed a Commi ttee on Factors Affecting U . S .  Petrol eum Refin
ing under the chai rmanship of Orin E .  Atkins , Cha irman of the Board , 
Ashl and Oi l ,  I nc . , and the cochairman�hip o f  Hon .  Stephen A .  
Wake f i e l d ,  As s i s t ant Secre tary o f  the I nt erior for Energy and Min
eral s .  The Commi ttee was a s s i s ted by a Coordinating Subc ommi t t e e , 
cha ired by George Hol zman , General Manager , Refineries , Shell  O i l  
Comp any . ( S e e  Appendix B for Comm i t t e e  ros ters . )  Thi s report i s  
des igned to ca l l  attention to tho s e  factors and i s s ues which have 
affected dom e s t i c  refining capacity . 

The r e s u l t s  o f  the Commi t te e ' s  inves tigation and the deta i l ed 
finding s conta ined in thi s  rep o r t  are the ba s i s  of the Nati ona l 
P e t r o l eum Counc il ' s  rep or t ,  Fac tors Affecting U . S. Petro l eum 
Refining--A Summary, pub l i shed i n  May 1 9 7 3 .  I n  addi t i o n ,  the Com
mi ttee undertook to supp l ement a pr evious NPC report ent i t l e d ,  
Impa c t  o f  New Te chno logy on t h e  U . S. P e tro l e um Indu s try (1946-1 96 5 ) .  
The r eview a s  regards refining techno l o gy was made in Apr i l  1 9 7 3  
w i th a s eparate report pub l i s hed in S eptember 1 9 7 3 . 

S ince pub l icat ion o f  the Summary Report in May 1 9 7 3 ,  many 
events have taken p l ace whi ch w i l l  have an imp act on the U . S .  p e tro
leum refining indus try . The s e  include: ( 1 )  changes in the o i l  
import pol icy , ( 2 )  spir al ing world crude o i l  prices - - e l as ti c i ty of 
price  to demand , ( 3 )  energy con s e rvat ion measures , (4) producer 
country owners hip o f  o i l  production and inter es t - - export refine r i e s , 
(5) o i l  embargo , (6) U . S .  p r i c e  s tab i l i zation , etc . 

This comp l e te and final report o f  the NPC Commit tee on Factors 
Affect ing U . S .  Petrol eum Refining was based on an ana l y s i s  o f  con
d i t i ons and circums t anc es whi c h  contr ibuted to the lag  in dev e l op 
ment o f  U . S .  r e fining cap acity p r i o r  t o  early 1 9 7 3 .  Events s ince 
th en,  however , cou ld have far more serious imp l ications for the 
futur e of the r e fin ing industry in the Un i ted States . A l though the 
final report of the NPC Comm i t t e e  i s  lacking the evaluation and ana l 
y s i s  o f  the s e  current events , i t  pres ents a record o f  the economi cs , 
technol ogy and prevai l ing p o l i c i e s  o f  the Federal Government during 
the early years of the 1 9 70 ' s  wh ich contributed to spot  shortages 
of p e t ro leum p roducts and a very s e r i ous lag in cons truc t i on o f  
p e t r o leum refin ing capacity . 
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Part One 
Introduction, Conclusions 

and Recommendations 

Extracted from 
Factors Affecting U. S. Petroleum Refining-A Summary 
Prepared by the National Petroleum Council May 1973 



I NTRODUCTION 

Refining i s  an int egral part o f  the domes t i c  p e tro l eum indus 
t ry .  I t  i s  only through this proce s s  that crude o i l  can b e  trans
formed into the many var i ed products  which have b e come the bas i s  
for the Nat ion ' s  cont inued development . Refined p etro l eum products 
form the ba s i s  for heating o i l s , mo tor fue ls , p l a s t i c s , build ing 
mater i a l s , s ynthe tic  fiber s , medicines , rubb e r ,  pa int s o lvents , b i o 
degradable detergent s ,  aspha l t  and lubri cating o i l s , a s  w e l l  a s  many 
other products . 

The p e trol eum indus try , which has been cal.l ed up on to supply 
the  Nation ' s  consumers with three- fourths o f  their energy needs , i s  
a comp l ex web of interrelated func ti ons . In tota l ,  over 4 0 , 0 0 0  com
panies  p erform the pr imary funct i on s  of explorat i o n ,  production,  
transportati o n ,  refining and market ing . This report i s  addre s s ed 
p r imarily to the refin ing funct ion . 

The growth o f  the dome s ti c  refining segment o f  the p e tro l eum 
indus try i s  affected by the growth o f  the o ther s egment s .  For 
examp l e ,  domes tic  o i l  and gas p roduction rates directly affect the 
amount and l ocation of refining capac ity requirements . S imilarly , 
the devel opment o f  transportation s y s t ems which a l l ow the Uni t ed 
S t a t e s  to reali z e  the benefi ts o f  l arge modern tankers affect 
r efiners ' deci s i ons regarding s i z e  and location o f  new refinery 
s i tes . 

There are nearly 2 0 0  comp an i e s  in the cont inenta l United States 
wh ich are di rectly invo lved in the proc e s s  of crude o i l  refining . 
The s e  refineries are  located in 4 0  s ta tes and rang e in capacity from 
2 5 0  barrels p e r  cal endar day [2 5 0  B/CD) to over 4 0 0 , 0 0 0  barr e l s  p er 
cal endar day ( 4 0 0 MB/ CD) . *  

U . S .  r e finers have a highly diver s e  rang e of e c onomic and 
indus trial interes ts . Some refiners emp l oy s imp le dis t i l lation 
techniqu e s  for the  p roduction o f  the  most  e l emental ref ined prod
ucts , wh i l e  others  are largely engaged in the. manufac ture o f  motor 
fue l s  and dome s t i c  heating o i l s . S t i l l  o thers produce a broad spec
trum of  petro leum p ro ducts , including highly sophi s t icated petro
chemi ca l s . The various process ing techniques and typ es o f  equipment 
emp loyed in the manufacture o f  finished p etro l eum produc ts are numer
ous . Becaus e o f  the divers i f i ed intere s t s , manuf acturing techniques 
and r aw materials  bas e ,  di fferent r efining fac i l i t i e s  have differ ent 
inter e s t s  and requir ements . 

Thi s r ep o r t  a t temp ts to delineate broad areas o f  conc ern to 
r e finers and to sugg e s t  p o l icy options which wi l l  help maintai n  the 
health and viab i l i ty o f  the ref ining s egment o f  the petrol eum indu s 
try . 

* S ince product demands are expre s s ed as daily ave r ages , daily 
average or calendar day re finery capacities  are used throughout this 
report . Spe c i f i c  process  un i t  cap a c i t i e s  are exp r e s s e d  in rated or 
s tream day capaci t ies . 
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Whi l e  numerous fac tors will  be discussed in the body o f  the 
r ep o r t , the s ingle  mo s t  influential factor o n  U . S .  p e troleum refin
ing today - - and inde ed on the  ent ire p etroleum indus try - - is the cur
rent transition from operat ing in an era of s table  and amp le dome s 
tic  crude and product supp l i es to operating i n  an era o f  instab i l ity 
and shortage . Refiners are no longer as sured o f  the ava i labi l i ty 
o f  needed raw ma t erials  o f  e ither the quant i t y  o r  the quality for  
whi ch their refineries were  des igned� 

Thi s NPC s tudy addr e s s e s  the pas t ,  present and future trends 
in dome s t i c  p e tro l eum r ef ining in r e l ation to r equirements , cap a c 
i t i e s  and capab i l i t i e s . I n  add i tion , techno l o g i ca l  fac tors that 
have contributed to the shortfall in dom e s t i c  ref ining cap acity are 
evaluated . To determine p as t , current and near - term re fin ing c ap a c 
ity , extens ive surveys were conducte d ,  the. compo s i te results o f  
wh ich are used throughout Part Two o f  this report . 

I n  o rder to analy z e  the cons truct ion o f  new refining capac i ty ,  
the s tudy addr e s s es the ec onomic fac tors which indicate the advan
tages and d i s advantag es of build ing domes t i c  refiner i e s  versus 
bui l ding refineries in fo reign p erimeter locati ons such as  eas t ern 
Canada and the Caribbean . O i l  import  p o l icy , environmental cons id
erat ions and other pert inent government p o l i c i e s  are evaluated . 

Due to the s cope ·and comp lexity o f  the a s s i gnment , this s tudy 
i s  pres ented in three v olumes . The Summary Report o f  May 1 9 7 3  c o n 
tains the conclus ions and r ecommendat i ons o f  t h e  National P etroleum 
Counc i l  and incorp orates a summary o f  th i s  volume . The third vol
ume i s  an up date o f  the r efining sec tion o f  a p revious NPC report  
en titled , Impact of New Te c hno logy o n  the U . S .  Pe tro l eum Indus try 
( 1946-1965) . 
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CONCLUS IONS 

SUPPLY AND DEMAND 

This s tudy has de termined that a numb er o f  factors invol ving 
s upply/demand, environmental and economic concerns have contributed 
t o  the shortfa ll o f  domes t ic refin ing capacity . I t  is  important to 
r ea l i z e  that no s ing l e  program or p o l icy has caus ed nor will a l l e 
viate  current and proj ected s hortfall o f  domestic refining capac
i t y .  Any measures taken to attain short - t erm results mus t  b e  cogni 
zant o f  the effect o f  the s e  measures upon long - t erm s i tuations . 
S everal o f  the more imp o rtant factors which have an impact upo n  
the refining s i tuation and their imp l ications a r e  discus s ed in the 
fol l owing s ecti ons . 

P roduct Demands Exceeding Capacity 

The requirements for r e f ining capacity are set by the demand 
for p e tr o l eum products , which i s  expected to grow at a rate o f  5 . 7  
p ercent per year from 1 9 7 1  to 1 9 7 5 ;  2 . 7  percent pef year from·l 9 7 6  
to 1 9 80; and , 3 . 0  p e rcent p er year from 1 9 8 1  to 1 9 8 5 .  At the s e  
growth rate s , demand for petrol eum products will b e  nearly doub l e  
t h e  demand for t h e  1 9 7 1 - 1 9 8 5  period , increas ing from 1 5  mill ion bar
r e l s  p er cal endar day (MMB/CD)  in 1 9 70 to over 2 6  MMB/ CD in 198 5 .  
The r e fining capacity nece s s ary t o  sat i s fy 1 9 8 5  demand w i l l  there
fore exceed 2 5  MMB/CD . Operat ing capacity o f  U . S .  refineries on 
January 1 ,  1 9 7 3 ,  was 1 3 . 2  MMB / CD , with about 2 . 5  MMB/ CD o f  products 
b e ing impor t ed . :  Thus , i f  proj ected p e trol eum product r equirements 
are to be meti it w i l l  be nec e s s ary to cons truct new r e fineries  or 
expand exis ting refiner i e s  t o  add about 9 MMB/CD o f  capacity b y  
1 9 8 5 .  The addi tional capaci ty wi l l  have to b e  built in the Un ited 
States  o r  come from exi s t in g  o r  future of.fshore facil i t ie s  in o rder 
to meet proj ected demarid as  s hown in Figure 1 .  I f  the s e  iequire 
ments were to b e  me t s o l e ly from U . S .  refineries with petroleum · 
product imports cmnp letely e l iminat e d ,  about 1 2  MMB /CD o f  new ca
p ac i ty wi l l  have to be constructed by 1 9 8 5 .  

U . S .  r efining capaci ty was adequate to meet refined prod�ct 
demands unt i l  the 1 9 6 0 ' s .  S ince then , a shortfall in domes tic refin
ing capacity has developed,  e s p ecially for res idual fuel o i l . Im
pofts of such products have incr ea s ed substantia lly , par t icularly 
into the Ea s t  Coa s t .  Un til rtow, phYs ical refining capaci ty has 
exi s t ed in the Uni ted S ta t e s  to meet the total demands for lighter 
fuel product s - - ga s o l in e ,  j et fuel s , e tc .  Now , however , demand for 
light products has a l s o  exceeded domestic capaci ty . By 1 9 7 5 ,  the. 
total  " sh o rt fall"  o f  dome s tic refining capacity is  proj ected to b e  
2 5 .  9 p ercent o f  total ref ining cap aci ty req.uired o r  4 .  8 MMB/CD . 

The pr e s ent shortfall o f  dome.s tic refining capacity i s  .the 
r e s u l t  of a s er i e s  of emerging tr ends intens ified by a surge in 
demand in I9 7 2 .  F o r  examp l e ,  the cur rent deficit o f  heavy fuel o i l  
cap acity developed over a n  extended p er i od o f  time, w.h i l e  the s ho r t 
fal l in capac�ty t o  m e e t  l i g h t  product requi r ements i s  o f  more 
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recent development . I t  takes s everal y�ars for new p lans.to b e c ome 
o�erationa l ,  and l e a d  time must be cons idered an impor tant e l ement 
of futur e p lanni)1g . Becau s e  of the nece s s ary lead t ime to p lan a_nd 
bui ld new cap a c i ty and b ecause no large incr ement s  o f  new cap a c i ty 
are now in the cons t ruc t i on s tage , it has been necessary to mod i fy 
import  contr o l s  to p ermi t  an increas e in product imports in o rder 
that proj ected demand can b e  met . While  this as sume s that suf f i 
c i ent p e tro l eum produc ts are ava i l ab l e  i n  world marke t s , the Commit
tee  has  not  evalua ted world  refining capacity to determine the 
va l i di ty o f  thi s a s s ump t i on . Howev er , it is f e l t  tha t ,  if  larg,e 
increas e s  in U . S .  demand 'continu e ,  wor ld cap a c i ty may b e  outs trip 
p ed by deman d ,  much as  U . S .  capacity was in 1 9 7 2 . 

Uncertainty Concerning As surance o f  Supply and Qua l i ty of Crude .O i l  

The decl ine in exp loration f o r  and production o f  domes tic  crude 
o i l  has resulted in greater difficu l t i e s  .in ob taining assured crude 
supp l ie s . This has had an inhib i t i ng effect on the expans ion o f  
U . S .  refineri es . I n  1 9 7 5 ,  crude o i l  and product imports  are 
exp ected to b e  doub. l e  the 3 .  4 MMB/ D  imported in 1 9 70 ; imports  i n  
1 9 8 5  could b e  as  h i g h  a s  1 9 . 2  MMB/ D ,  depending upon the degree o f  
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nat ional commitment to domestic energy p ro duction . *  Thus , domestic  
r efineries are  now comp e l l ed to r e ly increasingly upon foreign 
s ources o f  crude supp l i es . In order to meet requi rement s - - at least  
i n  the short  t erm- - the Un i ted States  w i l l  a l s o  have to  depend upon 
foreign refining capacity for increa s e d  amounts of product imports . 

In addition to the uncertainty r egarding long - term as surance 
of c rude o i l  supp l y ,  the dis tinctive characteri s t i c s  of the crude 
o i l  i t s e l f  are impor tant factors in the refining process . A g i v�n 
refinery canno t effectively proces s  every typ e o f  crude o i l . If a 
refin ery proces ses  a type o f  crude o i l  for which i t  was not designed , 
the  effective throughput capacity o f  .the refinery wi l l  in many cases 
be r educed sub s tant i a l ly . Today there is s hor tage.of both domestic 
and foreign low-sulfur crude o i l , and .this i s  exp ected to continue 
in the  near future . Many dome s t i c  refineries are des igned, .  b o th 
from a metal lurg ical and from a p ro c e s s ing viewp o in t ,  to _accommodate 
o nl y  l ow- sulfur crude o i l . High- s u l fur crude o i l - - th e  typ e mo s t  
g enera l ly available  from foreign supply s our ces - - cannot b e  exclu
s ively proc essed  in a dome s t i c  refinery des igned for low-sulfur 
c rude o i l  without the ins t a l lation o f  addi t i onal f ac i l i t i e s  and/or 
extens ive mo dification o f  exi s t ing fac i l i t i e s  to pr event corr o s ive 
damage and to meet produc t specifications . 

Increased Demand for Refined Petroleum Products and Pe trochemical 
and Synthet i c  Natural Gas (SNG) Feeds t ocks 

The d emand for refined petr o leum products  could incr eas e above 
proj ected r equi rements if demand is  s timulated by s uch factors as 
the continuat i on of current shortages of natural gas , continua t i on 
o f  d e l ays in bring ing nuc l e ar - fueled e lectric ity generating cap a c 
i ty on- l ine , and a future decrease i n  t h e  avai l ab i l i ty o f  environ 
mei1 t a l l y  and economical ly accep tab l e  low- sulfur coal . 

Al though o i l  i s  not 'comp letely in terchange able with o ther 
fue l s  in exis ting equipmen t ,  'it can s uppl ement the needs · in any 
energy consuming s ec to r  of our economy . In effec t , i t  can act as 
the " swing" fuel . If gas finding rates are disappointing l y  low in 
the future , o i l  can b e  used to f i l l  the need, The s ame concep t 
holds true for o i l  as an al ternate t o  nuc l e ar p ower and coal when 
n e ce s s ary and whe re app1ic ab le . 

The required speci ficati ons fo r  individual products are a f 
fecting both the type and the amount o f  capacity required . The 
increas ing demand for low-sulfur res idual fuel o i l s  (0.3 we igh t· 
percent s u l fur) requires the ins tal l ation o f  extens ive treating 
facil i t i e s . Not �11 crude oil s can be processed ut ili zing e�i s t 
Lng t e chno logy to yie l d  th e s e  fue l s  economi cally,  and crudes wh_ich 
are natural l y  l ow in sulfur are in s hort  supply in wo rld i:narke t s . 
Motor g a s o l ine , repres enting nearly 4 0  percent o f  total U . S .  o i l · 
demand , is  a l s o  sens i t ive t o  environmen tally induced speci fi cation 

* NPC , U . S .  Energy Out l o o k--A 
Pe tro l eum Counei l ,  December 197 2 .  
Ene r gy Out l o ok Report . 
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changes . Emi s s ion control e quipment on new automob iles  i s  reduc
ing fue l  efficiency , thus increas ing gas o l ine demand . Whi l e  this  
in  its e l f  is  increasing refinery cap acity requirements , the need 
for unl e aded ga s o l ine for the s e  new vehicles i s  also s i gni ficantly 
increas ing the amount of crude cap acity required to p roduce a g iven 
vo lume of g a s o l ine . 

In the l a s t  few years , the dome s tic manufacture o f  p e trochem
icals has b ecome closely rel ated to dom�s tic crude o i l  refining 
capacity . Supp l ie s  o f  domes tic natural gas l i quids , which are im
por t ant petrochemical feeds t ocks , are decl ining , and pe trochemical 
producers are h aving to turn more and more to refinery naphtha and 
gas o il . Th i s  s h i ft in feeds tock w i l l  resul t  in a closer r e l at i on 
ship b e twe�n the re fining and petrochemical indus tries as well  as  
in increased need for int egration o f  petrochemical and refin ing 
p l anning and operation . 

The National P e troleum Council  has proj ected pe troch emical 
feeds tocks to grow from l e s s  than 6 p ercent of total pe troleum de· 
mand in 1 9 7 0  to about 8 percent in 1 9 8 5 .  * If re ·fining capacity 
moves offshore , then p e trochemical producers may have to u s e  im 
ports for their feeds tock s upp l i e s , o r  move offshore with tho s e  
refiner i e s . Conversely , if  refining cap aci ty i s  kept onshore , 
feeds tock supp l i e s  can b e  expected t o  b e  more readily ava i l ab l e . 

An addi t i onal demand factor which w i l l  affect both petrochem
ical and re fin ing operati ons is the p l anned re forming of naphtha 
and o ther petroleum l iquids into SNG . Feeds t ocks for SNG manufac
ture could appro ach 1 MMB /CD by 1 9 8 5, 

ENVI RONMENTAL CONCERNS 

Amer icans are . becoming aware of the potential confl ict b e tween 
energy requirements and env ir onmental goals . Both h i gh energy con 
sump t i on rates and s a t i s factory maintenance o f  envi ronmental  s tan 
dards are p o s s ib l e  but only thr6ugh deal ing effectively w i th the 
total environmental , social and economic sys tem . 

The pr incipal environmental factors which have h ad inhib i t ing 
inf luence s on the expans i on of dome s tic r e finery cap aci ty ar.e dis -
cus s ed in the fol lowing s ections . 

· 

Availabil i ty of Refinery S i t e s  

Requirements relat�ng to cons tructi On and operating p e rmi ts 
and o ther environmental cons iderat ions h ave s e r io�s ly l im i t ed and 
delayed s i te deve lopment for new p l ants . Environmental i s sues and 
res trictive emi s s ion requi rements have de lay.ed or actually preven t 
ed new refining cons truction . Of more concern than the difficulty 

* NPC , U. S .  Energy Ou t l o o k : A n  Ini t i a l  Apprai s a l  1971-19 85, 
Vo lume Two , November 19 7 1 .  Hereafter referred to as the I n i t i al 
Appra i s al . 
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o f  comp lying with the s e  requi rements are the instances where p r o 
p o s e d  refinery cons truct ion - - after comp l e t e  compl iance with federal , 
s t a t e  and local requirements - - i s  halted by c i t i zen group court 
actions . 

Despi te the rigorous s tandards for b oth water and air qua l i ty 
that refineries must mee t  now and in the future , res i s t ance s t i l l  
exi s t s  i n  many areas o f  the country to cons tructing p l ants , even 
with app ropriate environmen tal equipmen t .  I t  i s  hoped that , as  the 
pub l i c  b ecomes more aware o f  the exc e l l ent p o l lution control perc 
formance of modern refineries , such res i s tance toward p lant l o c a 
t ion w i l l  d i s appear . 

Ava i l ab i l i ty o f  Deepwater Port Fac i l i t i e s  for  C rude O i l  Imports 

Wh i l e  dome s t i c  res erves need to b e  deve loped to their ful l e s t  
extent , a need w i l l  s ti l l  ex i s t  for supplemental quantities  o f  
crude o i l  from o ther countr ies . The mos t  efficient and economi cal 
method o f  transport ing the s e  requi rements to ref inery centers i s  
through t h e  u s e  o f  very large crude c arriers (VL CC ' s ) . Effect ive 
us e o f  VLCC ' s - - tankers having greater than 1 5 0 ,000 deadwe ight tons 
(DWT ) d i s p l acement - -will require the con s t ruction of deepwater 
ports  located o ffshore , with p ip e l ines del ivering s uppl ies from 
the s e  s up e rports to re fineri es . 

Documented evi dence s hows that mos t  s p i l l s  from tankers o ccur 
during l o ading and un loading at ports now l ocated on shorel ine s . 
Deepwater unlo ading termina ls o ffer envi ronmental advan t ages in 
that they would minimize s uch occurrence s  and e ffects of accidental 
s p i l l s  on nearby shorel ines by requiring l e s s  frequent ship mov e 
ments and b y  a l l owing the s e  movements t o  t ake p l ace a t  more remote 
d i s t ances from land . Likewis e ,  VLCC ' s  with compar tmented cargo e s  
and�h ighly trained crews , along with soph i s t icated new navi gat i on 
equipment and s afety deve lopmen ts , offer envir onmental advantages 
over sma l l e r  vesse l s . · 

Ava i l ab i l i ty o f  Crude O i l  

As mentioned .earl i er , b a s i c  t o  any refinery cons truc tion p l ans 
is the a s s urance of avai l ab i l ity of sui tab l e  crude o i l  of known 
qua l i ty and as sured s tab i l i ty of supply for  a reas onab l e  period o f  
time . Environmental concerns h ave , at times , delayed the deve l op 
ment o f  supp l ies o f  avai l ab l e  or p o tent ially·ava i l ab l e  crude o i l  to 
refineri e s . 

Perhap s  the mo s t  impor tant hinderance t o  refining cons truction 
i s  unreas onab l e  interference wi th access  to domes tic  crude o i l  re 
s ources  after detailed  s tudi e s  have as s e s s e d  the imp act o f  envi r 
onmen tal i s sues and demons trated cos t - b enefit  e ffect iveness . F o r  
examp l e , r e s e rves o f  crude o i l  o n  the North S l ope o f  Alaska wh i ch 
were discovered in 1 9 6 8  h ave been e s t imated to b e  over 10 b i l l i on 
barrels , a vo lume wh ich i s  equivalent to about one - th ird o f  the 
known res erves of the l ower 4 8  s tates . B i l l i ons o f  dollars o f  in-
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dus try ' s  cap i tal h ave been rendered n onproduct ive by citi zen group 
court act ions and o ther de lays as s o c i ated with envi ronmental con 
cerns . These dormant reserves have not  only drained funds from 
u s e s  in o ther venture s ,  such as expand ing re finery capacity , but 
h ave incr eased our Nation ' s  dependence on imports with attendant 
penal 't i e s  on national s e curity and b al ance of trade . The Nati on 
cann o t  afford to allow the s e  resources to remain unused inde finitely.  
Even under �he mos t  optimi s t ic predictions , i t  w i l l  b e  s everal years 
b e fo re supp lies  of crude oil c an b e  moved from the Alaskan North 
Slope  t o  dome s t ic refineries . 

The po tent ial for dis covery o f  l arge quantities  o f  crude o i l  
and n atural gas exists in o ffshore waters surrounding our continen t .  
However , many areas o f  the continental she l f  o f  the Un i ted Stat es 
remain undeveloped o r  underdeveloped because of environmental 
concerns . 

ECONOMIC FACTORS 

Impor tant changes are taking p lace in the economic environment 
in wh ich refineries find thems e lves . Crude o i l  i s  b e ing supplied 
in  increas ing amounts from foreign s ources , and prices of foreign 
crude o i l  l anded in the United States  are rising sharply , exceeding 
del ivered dome s t i c  prices in some cases . Refining facilities are 
b e coming more comp l ex in b o th des ign and mat e r i als requirements and 
are increas ingly more expens ive per b arrel o f  capac i ty . 

The principal economic factors affecting the exp ans ion of do 
me s t i c  re fining capacity are d i s cus s e d  in the f o l l owing s e ctions . 

The Economic Outlook for· New Refining Inves tment Has Become Uncertain 

Refiners are having to compete for funds in cap i t a l  markets 
at a t ime when inves tment do l l ars · are b ecoming tight and are b e ing 
attracted to tho s e  investments with a rate o f  return more commen
surate with future r i s k  and s t ab i l i ty . Rates of re turn on re fin ing 
inve s tment mus t be adequate if financing is to b e  availab l e  for con 
s truc t ion o f  new dome s ti c  refining c apacity . Current economic con
d i t ions and the lack of encompass ing U . S .  p o l icies on energy matters 
has made the outlook for new inves tments in new refineries  qui t e  
unc ertain . 

Illus trat ive e conomic compar is ons h ave b een pr epared· concern 
ing the c o s t  o f  operat ing a refinery located in per ime ter areas 
(C aribbean or eas tern C anada) to the c o s t  of the s ame refinery l o 
cated in e i ther Petroleum Admin i s tration for De fen s e  ( PAD) District 
I (U . S .  East  Coast)  or PAD Dis trict III (U . S .  Gulf Coast) . *  In a l l  
c a s e s , the refiner i e s  were operated o n  the s ame Middle East crude . 

* The s e  i l l u s trative economic compari s o n s  were prepared prior 
to the i s s uance of the Pre s i den t 's Energy Me s sa g e  to Congress o f  
A pr i l  1 8. 1973. and do no t t a k e  i n t o  a c c o u n t  the o i l  import pro c 
l ama tion co ntain e d  therein. 
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They were operated to produce a product mix comparab l e  to the p r o 
j e cted growth i n  D i s t r ict I product demand b e tween 1 9 7 0  and 1 9 8 5 ,  
w i th the products u l t imately de livered to the s ame marke t locations 
in District  I .  The s e  costs  do not include any c o s t  a s s o ci ated with 
acquir ing the crude o i l  import quo t a  but do include 1 9 7 2  level im
port duties . They a s s ume an app l i ca t i on of current s ta tut ory in 
come tax rates - - z ero for the Caribbean. example , 4 8  percent for the 
Uni ted S t ates and 49 percent for an eas tern Canada re finery . 

Whi l e  the s e  s tud ies are only i l lus trative examp l e s , they in
dicate that . a  re finery loc ated in Dis trict I I I  can expect  ave rage 
product cos .ts which are on the order o f  $ 0 .  60 per b arrel  higher 
than the ref inery l ocated in the C ar ibbean . Assuming that such a 
r e f in ery is  bui l t  in D i s trict  I ,  t he e c onomic advan tage o f  the 
Caribbean refinery is reduced to approximately $ 0 . 4 0 per b arrel . 
On the o ther hand , in e as tern Canada , where the t ax rates are com
p arab le to tho s e  in the United States , the economic advqntage tends 
to di s appear - - except in those ins t ances where specific tax advan 
tages and o ther b ene f i ts have been granted . 

Recent Product Price Controls  Will Lead to Increas ing Supp ly 
Shortages  

If  the Un ited S t ates continues to impose pri ce contro l s - -direct 
or indire c t - - on petrol eum and/ or refined petroleum produc ts in 
o rder to s tab i l i z e  the economy , the ful l cos t and finaricial r i s k  of 
providing new s upp l i e s  o f  petroleum products mus t  be recogni z e d ,  
including higher c o s t s  o f  imported s upp l i e s . I f  they are not , r e 
finery expans ion w i l l  b e  dis couraged , and shortages o f  dome s t ical ly 
r e f ined p e troleum p roducts will  occur . To the extent ava i l ab l e , 
produc ts would have t o  b e  import�d from world markets at prices  
which are not sub j ect t o  U . S .  price controls . This , in turn , could 
dr ive market prices  for imported produc ts l anded in the United 
S t ates higher than tho s e  of produc ts refined domes tically , a con
s e quence currently b e ing experience d .  

Restrictive and Infl exib le Import Regulat ions * 

The rel ative inflexib i l i ty o f  t he crude oil quo t a  sys tem , 
coupled with the decl ine in domes t i c  crude o i l  production , has 
r e s tric ted the devel opment of new r efining capac i ty . Whi l e  i t  
i s  true that total U . S .  import quotas would increase b y  the amount 
of new capacity built , there has b e en no direct me chanism to p r o -

* The Pre s i de n t ,  i n  h i s  e nergy m e s sage t o  Congre s s  o f  Apr i l  
1 8 ,  1973,  h a s  removed b y  pro c lama tion a l l  exis ting tari ffs o n  im
p o r t e d  crude o i l  and produc ts and has s uspended dir e c t  c o n tro l over 
the quanti ty o f  crude o i l  and refi n e d  produ c ts which can be im
p or t e d .  In p l a c e  o f  t h e  c o n tro l s y s tem, the Pre s ident has initiated 
a l i c e n s e  fee s y s t e m .  The Pre s i d e n t  s tated that, to encourage do 
m e s t i c  refinery cons truc t ion, crude o i l  i n  amounts up to thre e 
four ths o f  new refining capaci ty may b e  imported for a period of 5 
years w i t h o u t  b eing s ub j e c t  to any fe e s . 
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vide an exis t ing refiner o r  a potential re finer with the necess ary 
acce s s  to foreign crude o i l  supp l i es nece s s ary to the operation o f  
new refinery c apacity in the Uni ted States . L imi ted and inade 
quate s tarter a l l o cat ions were the only ex i s t ing provis i ons for 
granting crude access for new re fin ing cap ac i ty . The difficu l t i e s  
and c o s t s  o f  acquir ing imp o rted supp l i e s  from o thers were dis cour 
aging factors in refiners ' decis ions regarding new capacity 
cons true tion· . 

The exemp tion o f  certain produc ts fron formal quo ta contrQl s , 
however ,  has l ed to the �on s truction of s i z ab le refining capacity 
outs ide the Uni ted States . The ab i l i ty to imp o r t  these p ro ducts 
into the United State s , the ab i l ity to acquire l ong - term foreign 
crude o i l  supp l i e s , and the economic advan tage o f  offshore refining 
f avor the buildup o f  refining . capaci ty in the s e  p e r imeter areas . 

Requirements for Transportation and Storage F a c i l i t i e s  

Increas ed requiremen ts for petrol eum w i l l  require the expan 
s ion o f  transportation and operational s t orage facilitie s . Mo s t  o f  
the incremental crude o i l  supp l i e s  w i l l  b e  imp or ted from the Middle 
E a s t  and Afr ica . For such l ong dis t ances and l arge quan t i t i e s , the 
mo s t  e c onomical and environmentally s afe sys tem for rece iving s uch 
o i l  is by direct s h ipment to the r efining center u t i l i z ing VLCC ' s  
and properly dis i gned de epwater crude unlo ading terminals . Con 
s idering the l owe s t  cost l ri g i s t i c al sys tem for waterborne imports 
o f  crude o i l , the cap ital required for the 1 9 7 1 - 1 9 8 5  period is sub 
s t antial . E s t imated inve s tments for deepwater p or t  facil i t ies and 
for foreign construc t i on of new 2 5 0 , 0 0 0  DWT v e s s e l s  range from $ 1 4  
t o  $ 1 6  b i l l i on . Total c ap i tal requi rements may b e  higher depend
ing on the extent to wh ich U . S .  shipyards mus t  be used for ve s s e l  
construction . Addi t i onal ly , cargo preference l e g i s l ation wh ich 
would require the use o f  American f l ag ves s e l s  on direct s hipments 
to the Un ited States would sub s t antially increase the transp o r t a 
t i on charge p e r  b arrel of del ivered o i l �  B e caus e o f  the s e  
increased c o s t s , such legis l at ion would a c t  as  a dis incentive i n  
the cons truction o f  U . S .  re fining c ap ac i ty .  

S t orage requirements wi l l  a l s o  r i s e  as imports  increas e .  
Dome s t i c  refiner ies  runn ing on dome s ti c  crude o i l  product i on ne�d 
very l i tt l e  crude s t orage . With future r e c e ip t s  arr iving in 
VLCC ' s ,  refiners will  need faci l i t i e s  t o  s tore the i r  large carg o e s  
( almo s t  2 MMB can b e  carr i ed i n  a 2 5 0 , 0 0 0  DWT tanker) and to ma in
tain a working inventory to ensure continuous operation in the 
event that shipmen ts are de layed . 

1 0  



RECOMMENDATIONS 

U . S .  ENERGY POL ICY OBJECTI VES 

The Nati onal Petroleum Counci l recognizes  that the p r imary en
ergy indus t r i es , in coop eration w i th the government ,  are respons i 
b l e  for meet ing the. energy nee ds o f  American s ociety . . This r espon
s i b i l i ty mus t .be met wh i l e  assuring free consumer choice at the low
es t cos ts cons is tent wi th a dequacy of long - term s up p ly , preserva 
t i on o f  the environmen t ,  and p r omotion of efficient use of energy 
and. energy . cons erv.ation . The imp act of the effects o.f energy avail
ab i li ty and costs  on economic wel fare and progres s  and , more import
ant ly , the need to p res erve nati onal s ecurity under line the s ign i f
icance o f  this resp ons i b i l i t y .  

The NPC ' s U . S .  Energy Outlook Report includes recommenda tions 
for  a U . S . ene rgy policy .  Th is s tudy rei terates s ome o f  tho s e  rec
ommendations s in.ce petro leum re fin ing is an integral part of the 
energy indus tries and , as  s uch , is  affected by overall  U . S .  energy 
p o l icies . Th i s  report al s o  contains addi ti onal recommendations 
which are more speci fica l l y  relate d  to dome s t ic p e troleum re fining 
operat ions . 

The s e. r ecommendations are made with the b e l i e f  that a healthy 
and. viable domes tic p e t r o l eum indus try , in all  i t·s functional op 
erations , i s  e s s ential to the economic we l l - b eing and the nati onal 
s e curity 9f the. United S t ate s . I ncr.eased " exp ortation" of p e t r o l e -. urn refining cap acity outs i de. t h e  United States resul,ts in the l o s s  
o f  domestic . f±nanci a l  and manp ower emp loyment opp o r tunities ; r e 
duces taxat i&n revenue t o  federal , s tate and l ocal governments ; r e 
sults i n  l arger deficits in the. U . S . bal ance o f  trade and payments ; 
and., adyersely affe.cts o ther types o f  manufactur ing . 

The United S t ates . Must Have a N a t i onal S ens e of Purpos e to S o lve 
the Energy P rob lems 

A long - t e.rm national s e n s e  of purp o s e  mus t  evolve to me e t  
the s ocial and economic is sues r elated to · energy p r o b l ems s imi l ar 
t o  the national dedica t i on t o  envir onmental coti s ervat i on and ful l 
emp loymen t .  It is  this dedication and the cooperation among gov
e rnmen t ,  indus try arid private ci t i z ens that mus t b e  exp anded i f  
the i s s ues r e l ative t o  l ocating and s iting future r efining faci l 
i t i es are t o  b e  res o lve d .  Envi ronmental i s s ues and aes thetic con
s i derations mus t  b e  b a l anced agains t the s oci oeconomic benefits o f  
devel op ing adequate s it e s  fo r refining faci lities  t o  meet pub l i c  
requi rements . T·he n e e d  to provide our Nation with adequate energy 
at a reas onab le cos t  is a matter o f  such vital concern that it will 
nece s s itate rat ional r e s o l ution of the incons istenci es and confl icts 
emerging in federal , s tate and local p l ann ing invo lved in s i ting 
and "o ther cons iderat ions . 
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The Federal Government Should Encourage an Economic and F i s ca l  
Cl imate Conducive to Energy Development 

I t  has been proj ected that me eting U . S .  energy requirements 
dur ing the 1 9 7 1 - 1 9 8 5  period  wi l l  require capital ou tlays of b e tween 
$ 4 5 0  and $ 5 5 0  b i l l i o n .  For such vast s ums of money to be generated 
by U . S .  energy s upp l i e rs , s everal condi t i ons mus t  exi s t : 

• Comp e ti ti o n :  C omp e t itive markets are a p articularly effec
t i ve mechani s m  for determining price  levels neces s ary t o  
balance energy demand and s upp ly . The comp l ex op e ration o f  
market forces w i l l  b e s t  s e rv e  con s umers and the nat i onal in
teres t by p roviding energy in amounts ne eded and in forms 
pre ferred f o r  envi ronmental reaso ns . Market forces , i f ' un
fettered , would promote effici ent use of energy and a l l o cate 
res ources among energy activit ies on an economical b as i s .  

Vigoro us comp e t i t i on requi res unrestri cted entry into the 
vari ous energy fuels markets , subj ect to app l icab le ant i 
trus t l aws . Competition. i s  s t imulated when a s upplier o f  
one fue l can provide addi t ional cap ital inves tment , tech
nology and management s k i l l  for the development o f  other 
fue l s . 

• Free Mar k e t  Pric e s : A favorab le economic cl imate enab ling 
comp an i e s  t o  generate internal s ources of cap i tal , as we l l  
a �  to compete i n  cap ital marke t s , is es�ential to the l ong
term development of  energy r e s our ces . Pr ofi tab i l i ty i s  
e s s ential  t o  f r e e  enterpri s e , and pr ices mus t  be p ermitted 
to · reflect co s t s  and p rovide an adequate re tu'rn on  inves te d  
capital . 

Because o f  the deep and ins eparab le relations hip b etween 
dome s t i c  r e f ining and the wo'rld  p e tro leum indus try , it i s  
very un l ikely that the p roblem o f  new refin ing capacity 
w i l l  b e  met w i thout restoring the free play of an open d o 
mestic  market .  In recent y e a rs , product pri ces have b e en 
inadequa t e  to p rpvi de �uff i c i ent return on new inves tments 
commensurate w i th the risks  invo lve d .  Any external forces 
such as p r i c e  contro ls which hold p rices b e l ow market c l e ar
ing l evels  wi l l  continue the trend of insuf f i cient returns 
of the indus try . Flexi bi li  ty to adj ust p r i·ces b a s e d  on 
marke t s upply and demand forc es within the United  States 
should b e  suffic ient to p ermit r e a l i zation of an ade4uate  
re turn on p res ent and future inves tmen t .  

· 

• Fi s c a l  Po l i c i e s : F i s c a l  p o l i cies , such as the inves tment 
t ax credit and . acce lerated depreciat i on rates , should b e  
uti li zed t o  f o s t e r  the avai labi l i ty o f  cap ital requi s i t e  
for the cons truct i on o f  new r e finer ies . Such p o l i c i es 
should b e  des i gned to encour age growth of domestic  refining , 
p e troch emi cal and SNG fac i l i t i e s . 

Whatever p o l i c i e s are adop t e d  should be cl e ar and f irm . If 
inves tors b e l ieve that government inducements to build on-
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shore refineries are temp orary , the economi c attract iveness 
o f  ons hore refineries .  will b e  weakened .  For examp l e , turn 
ing the i nves tment tax credit on and off  to contro l the 
economy is not an e ffective inducement t o  refinery 
cons truct ion . 

I mport P o l i cies Should Be Des igned to Encourage the Growth o f  
Domes t i c  Refining C apacity *  

Increasing p roduct imp orts at t h e  exp ens e of domes t i c  refining 
c ap a c i ty would p lace the United S t ates in a p o s it ion o f  having t o  
depend on foreign s ources f o r  a growing p art o f  i t s  cr·ude o i l  s up 
p l y .  I t  would al s o ,  t o  an increas ing degree , result in U . S .  d e 
p endence o n  foreign process ing cap acity .  This woul d  app ear t o  b e  
contrary t o  U . S .  national s ecurity and national defense a s  defined 
by S e c t i on 2 3 2  of the Trade Expans i on Act of 1 9 6 2 . 

I n  order to be effect ive , any s ys t em o f  import controls , 
whe ther quota restrictions or variat i ons thereof , s h ould at the 
very l east cons ider : 

• More favorab le prov i s i ons for imp o rtation o f  crude oil than 
refined p roducts 

• Provi s i ons to ensur e a mark et f o r  a l l  domes t i c  crude p r o 
duction 

• Policies  that p rovide the dome s t i c  refiner as surances of an 
adequate and long - t erm s upp ly o f  crude o i l  from domes t i c  as 
well. as fore ign s ources and ,  in s o  do ing , as sure maximum 
uti l i z ation 6 f  exi s t ing refining cap aci ty 

• I ncentives to o f fs e t  the dis advantag es faced by dome s t i c  
refiners when manufacturing p roducts currently exemp t from 
formal quota control 

• Provi s ion for maintenance of t he U . S .  p etro chemical indus 
try ' s  comp e t i tive p o s i ti on in wo rld markets 

• Cons i s tency and s tabi l i ty in o rder t o  provide refiners the 
bas is  for e s t ab lishing long - term p l anning obj ectives 

• Emergency r e s e rve o i l  s torage capab i l ityt 

• C ompatibi l i ty w i th ovetall obj ectives o f  nati onal ene r gy . 

* The Pre s i de n t. i n  his energy m e s s ag� t o  Congr e s s  of Apri Z 
1 8. 1 9 ?3. has remo v e d  b y  p r o c lama ti o n  a Z Z  exi s ting ta�iffs on im
p o r t e d  crude o i Z  and produ c t s  and has suspended di r e c t  contro l over 
the quantity of crude oi Z a nd refined produc ts which can b e  im
p o r t e d :  In p Zace of the c o n tro l s y s tem. the Pres ident has ini tiated 
a l i c e ns e fe e s y s tem . The Pre s i de n t  s ta te d  that. to encourage do 
m e s ti c  r efi n ery cons tru c t i o n. crude o i Z  in amo unts up t o  thre e 
fourths of new refining cap a c i ty may b e  imported from a p eri o d  of 5 
y ea r s  w i tho u t  b eing subj e c t  to any fe es . 

t An in- depth analy s i s  o f  this s ub j ect i s  addre s s ed by the 
N PC ' s  C ommi ttee on Emergency Preparedne s s . 
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The Cons t ruction o f  Mo dern Transportation Faci lities  
Should B e  Encouraged 

Unloading faci l i t i es for VLCC ' s ,  bui l t  as  close  as practical  
t o  the coas t al refining centers , result  in the  l owe s t  c o s t  trans 
p ortation system .  This would ideal ly p l ace the Unloading faci l i ty 
j us t  offshore , with onshore distribution made by p ip e l ine . The 
s i te mus t  h ave suffic iently deep water , unconge s ted appro aches from 
the s e a  and minimum potential for env ir onmental disrup t i on . With 
the equipment p o s s ib l e  under the exi s t ing . techno logy , near p o l l u 
t i on- free operati on i s  attainab l e .  I n  addit i on , i f  i t  i s  not a t  an 
exi s t ing t erminal. or re finery , the · s ite should have an onshore area 
sui t ab le for o i l  s t orage fac i l i t i e s  and acces s to a suffi ci ent in
fras tructure for supp ort of .the faci l i t y .  Speci f i c  s it e  l o cations 
for deepwater terminals are currently under. s tudy by government and 
indus try group s .  Becaus e o f fs hore r e finer ies  can take a dvantag e o f  
the lower unit costs  as s o ci ated with VLCC ' s  and deepwater p orts , 
the lack o f  .such fa. c i l i t i e s  has in the p a s t  and w i l l . continue in the 
future to act as a dis i ncentive to the cons truct i on of dome s t i c  r e 
f ining cap a c i ty . 

An add i t i onal co s t  t o  a domes t i c  r e f iner o f  foreign crude o i l  
would b e  incurred by l e g i s lat ion requir ing receipt i n  Ameri can flag 
t ankers . Any benefits o f  such l e g i s lation t o  th'e economy mus t  b e  
weighed carefully against the added c o s t s  incurred .  

A Rati onal B a lance Mus t  Be Achieved B e tween Environmental  Goals 
and Energy Requirements 

The g o als of a c l e aner envir onment and increased dome s t ic r e 
f ining cap ac ity are n o t  incomp a t i b l e . B o th are imp ortant t o  the 
Nation ' s  w e l l - b eing , and b oth can be accommodated : I t  i s  not nec
ess ary ' to  exp ort refi ning cap a c i ty t o  �aintain a reas Onab ly� clean 
environment . 

Recent experience has s h own that many .o f  the pres ent refineries 
can b e  exp anded and the necess ary n ew r e fineries can b e  built  whi l e  
ach i eving a satis factor i ly cl e an environmen t .  I n  this  . effort t o  
expand our energy supp ly , i t  i s  e s s ential  that the emi s s i on s tand
ards imp o s ed be reali s t i c .  As zero  emi s s ion levels are app r oached , 
costs  and op erating problems t end t o  b e c ome exces s ive , o ften with
out measura.b l e  benefit  t o  the environment and o ften with attendant 
waste of r e s ources . 

Economically vi ab le refineries  h ave certain requirements for 
their location . The s e  i nclude land space , access to raw material  
supply , product dis tr ibution sys tems and adequate labor . Whi l e  lo
cal  commun i t i es should b e  concerned w i th . environmen tal p.ro tecti on , 
they mus t recogn i z e  the  Nation ' s  need for e s s en.tial  p lants and f a 
c i l i t ies . Regu l ations reg arding the offical  s anction o f  r e finery 
s i t�s should b e  rev i s e d  to speed  up the approval process  whi le main-
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taining proper envi ronmental p rotection for the communiti es 
i nvo lved . 

The cos t benefit o f  the fol lowing features o f  environmen tal 
impr ovement mus t  b e  weighed carefu l l y .  I n  p articular , i t  should . 
b e  noted that , as envir onmental s tandards are made more r e s t r i c 
tive , costs  and the use o f  irrep laceab l e  resources g o  up a t  a n  in
creasing ra t e .  

• Consump t ion o f  petro l eum products w i l l  b e  increased b y  the 
sub s t i tution of l ow - sulfur res idual fue l o il , l i quefi ed p e 
troleum gas (LPG) and d i s t i l l ate fue l s  f o r  natur al g a s  arid 
nonpetrol eum fuel s  ( such as coal)  as w e l l  as by the us e . of 
l e s s  efficient automobile  engines . 

· 

• Refining costs  and crude o i l  requi rements wi l l  be .  incr eased 
s ub s t ant i a l ly in order that fuels  me e t  Env ironment al P r o 
tection Agency (EPA) proposed  lead regulations and the r e 
quired auto emi s s ion s t andards es t ab l i shed b y  the 1 9 7 0  a
mendments to the C l e an Air Act . 

• Transport,ation costs wi l l  b e  increas e d  by banning de epwater 
p ort cons truction and c ons truct ion o f  refineries in the mos t  
economical l o cati ons . 

• The magni tude o f  exp enditures for environmental  ne eds are 
s i gnificant as even large refiner i es (over 1 0 0  MB/CD) report 
c o s t s  in excess o f  10 p e rcent o f  al l r efinery inves tment to 
me et envir onmental regulations . 

B o th Government and . I ndus try Should . Continue t o  Promote Energy 
Conservat i on and E fficiency of Energy Us e i n  Order to E l iminate 
Was t e  o f  Our Res ources 

Energy producers and the U . S .  Government should exert p o s i tive 
l e adership in advocating energy cons ervati on measures . However , 
forced reductions in energy consump t i on should be emp l oyed only on 
an emergency b a s i s . 

A redu c t i on in future p e tro l eum r equi rement s can be achi eved 
if the Nation t akes t imely and vigorous s tep s to us e petroleum 
p r o ducts and natural gas more p rudently than it has in the pas t .  
T o  the extent that c ons ervation results  in r educed consumption , the 
s train on domes t i c  refining cap acity wi l l  b e  l e s s ened . Addi tion
a l ly , the burden o f  e i ther crude o i l  or pr oduc t imports will be 
reduc e d . 

Feder a l  P o l ic i e s  Should Encourage Dome s t i c  Crude O i l  and Natural 
Gas  Product i on and Deve l opment of Syn th e t i c  Fue l s  

As s ur ance and s tab i l i ty of crude o i l  supp ly is  neces s ary t o  
p l ans and programs f o r  exp anding o r  bui lding r efining faci l i t i e s . 
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Increased ava i l ab i l i ty o f  dome s t i c  crude o i l  supply o ffers the 
greatest  as surance agains t future s upply int errup t i ons and provides 
a s t ab l e  economic c l imate which wou l d  attract and encourage private 
inves tment cap i tal for the cons truction of refining faci lities . 
Uti l i z at i on o f  the Nat i on ' s  vast res ources  of coal and o i l  shale 
t o  manufacture synth e t i c  oil and gas for fue l s  and feedstocks wi l l  
a l s o  have a s tab i l i z ing effect on th e assurance o f  s upp ly and the 
s t ab i l i ty of the economic climate . 

S imilarly ,  additional dome s t i c  s upp l i e s  of natural gas should 
be encouraged in o rder t o  decr eas e the burden p l aced On r e fining 
cap ac i ty to manufacture thos e addi t i onal p roducts which are now r e 
qui red due t o  current shortages of n atural g�s . 

The artificially low price for gas es t ab l ished by the Federal 
P ower Commi s s ion (FPC) has influenced the consumer in both choice 
of energy s ource and the amount us e d .  The comp e t i tive pr ice es 
tab l i shed for alternate fue l s , such as coal , fue l oils  and heating 
o i l s , has affected pro duc tion and the economi cs of produc ing the s e  
alternate sources o f  energy . Rap idly increas ing consumer demands 
for natural gas - - the " cheap" fue l - - coup l ed with insufficient sup -
p l i e s  h ave contibuted t o  the overall energy s hortage . 

· 

The Federal Government Should Coordinate the Many Competing and 
Con f l i c t ing Agenci�s Dealing with Ene rgy 

Muc h . o f t he confus ion and del ay that now p lagues energy sup 
p l i e r s  s t ems from conflicts  among government agenc ies . A l l  too often 
one agency may encourage an action whi l e  another agency p rohib its 
i t .  C ons is t ent gui del ines and s tab i l ity o f  p o l icy o n  energy mat 
ters  are necess ary t o  ensure that the Nation ' s  v i t a l  needs are 
met . 
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. Part Two 
The Report of 
the Committee 



I NTRODUCT I ON 

Chapter One 

TRENDS IN PETROLEUM REFINING  
REQUI REMENTS , CAPAC I TY AND CAPAB I L I T I ES 

This report defines "refining cap acity" as the capac ity to 
pro c e s s  crude o i l , i . e . , crude o i l  throughput for the purp o s e  of 
manufacturing refined products . The process ing o f  crude o i l  to 
finis hed products requires many varied s teps . The s e  s teps or un i t  
pro c e s s e s  are de termined primari l y  b y  two cons iderations : ( 1 )  the 
volume and charac teristics  o f  crude o i l  t:o be proce s s ed and ( 2 )  con
s umer requirements for ind ividual re fined products . Each refinery 
in the Un i ted States proce s s e s  a mi xture of crude o i l s  different 
from that b e ing proce s s e d  in any other refine ry ; has a di fferent 
configuration o f  proce s s ing un its  to convert the cru·de o i l  to r e 
fined produc ts ; and , produce s a di fferent mixture o f  re fined prod
ucts . Therefore , the reported refining capac i ty i s  based on a 
certain typ e o f  crude o i l  be ing proce s s ed and the manufacture o f  a 
premi s e d  mixture o f  refined products having defined charac ter i s tics 
o r  meeting certain specified requi rements . 

A change in the characte r i s ti c s  o f  crude o i l  available t o  a 
refinery w i l l  affect the cap a c i ty of the re finery t o  process crude 
o i l . Many re finer ies  are des ighed to proce s s  low- sul fur crude o i ls , 
i f  s i gnificant vo lumes o f  h i g h - s u l fur crude o i l  were proce s s e d  in 
s te ad ,  the refinery would s o on be come inoperab l e . (See Appendix C 
for a brief  exp l anation of bas i c  informat i on and interrelationships 
concerning crude o i l s �  re fining operations and refined produc t s . )  

In o rder to deve lop data for a s tudy o f  dome s t ic re fining 
capac ity , it  was cons idered impor tant to have not only his tori cal 
data but a l s o  data c oncerning the current s tatus and future p l ans 
for addi t i onal refining capacity . For th � s  purpos e ,  the NPC s ent a 
s urvey que s t ionnaire t o  a l l  compan ies  operating refineries in the 
United States . The respondents repres ented over 9 0  pe rcent o f  U . S .  
cap a c i ty . Key conclus i ons and data derived from th i s  que s ti onna ire 
are used throughout this volume . I t  should be noted that the sur 
vey data refl e c t  presen t  and future p l ans a s  o f  the fall o f  1 9 7 2 . 
The results  s erve as  a background for evaluat ing the effects o f  · 
e conomic and gove rnmen tal changes . 

H I STORI CAL AND PROJECTED PRODUCT DEMANDS 

The requi remen ts.  for re fining capa c i ty are rel ated to and d e 
pendent up on p e troleum product demands . In the NPC ' s Initial  
Appra i s a l , a comprehen s ive l ong - term pr o j ec t i on o f  energy demands 
in the Un i ted States through 1 9.8 5  was present ed . An a s s e s sment 
was a l s o  made in that report of total U . S .  eneigy consump t i on by 
marke t s e ctors . The various fue l subcommittees ( o i l ,  gas , coal , 
nuc l ear , e t c . )  app l i e d  the ir respective j udgments in deciding what 
fac tors would affect demands for the parti cul ar fuel examined and 
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took into account the probab l e  supply o f  other fue l s . The resul t 
ing U . S .  energy balance for the I n i t i al Appraisal i s  shown in F i g 
ure 2 .  From this b a l ance , final pro j e ct i ons of future demand for 
refined products  were made . 

Examina t i on o f  F i gure 2 shows that the demand for energy i s  
expe cted t o  almo s t  doub le during the 1 9 7 1 - 1 9 8 5  period . In order 
to meet thes e  energy requi rements , a tremendous inves tment program 
i s  required to f ind and produce more o i l  and gas ; to build the r e 
f iner i e s  that are needed t o  proces s  the addi tional vo lumes ; and , 
at the s ame time , to expand the di s t ribution sys tems that w i l l  de 
l iver the additional products to the consume r .  Other energy sup 
p l iers a l s o  have to exp and and they w i l l  require addi tional funds 
to deve l op new coal and uranium mine s , build nuc lear and conven 
t ional power s tations , and deve lop t echno logy to commerci a l i ze new 
s ource� o f  energy ( e . g . , shale 6 i l , s o l ar , geothermal , et c . ) .  
Subs tantial inv e s tmen t s  w i l l  a l s o  b e  required so  that exis t ing as  
we l l  as  new f'c i l it i e s  can me e t  env ironmental s t andards . 

The detai l e d  o i l  demand pro j e c t ions in cluded in the energy 
b a l ance were used as  a s tarting point . In view o f  o i l  demands in
creas ing beyond a l l  proj ections in  1 9 1 2  and the expec tation for 
another large incre a s e  in 1 9 7 3 ,  the Committe e  bel ieved the near
term demand l ev e l  in the Initial App r a i s a l  to be low .  Th erefore , 
the proj ection for the year 1 9 7 5  was revi s e d . I t  was b e l ieved , 
howeve r ,  that the factors l imiting demand growth assumed in the 
I n i t i a l  Apprai s a l  wou l d  be at work in 1 9 8 0  and 1 9 8 5 ,  and the p r o 
j e ct i ons for the s e  years were not chang e d .  

The his torical . growth rate for r e f ined products shows an ave r 
age increase o f  3 . 2  percent p e r  year from 1 9 6 1  t o  1 9 6 5 ,  and an 
averag e  rate · o f  5 . 1  p ercent per year from 1 9 6 6  to 1 9 7 0 . Future de 
mand for p e troleum p r o ducts i s  pro j e cted to grow at a rate of 5 . 7  
percent per year from 1 9 7 1  to 1 9 7 5 ; 2 . 7  percent per year from 1 9 7 6  
to 19 8 0 ;  and , 3 . 0  percent per year for the per iod from 1 9 8 1  to 
1 9 8 5 . The his torical data and the p r o j ected growth rates are shown 
in T ab l e  1 .  

The his torical deman d for petro l eum products and the Comm i t 
tee ' s  pr o j ection o f  future demand f o r  these products are p l otted 
in F igure 3 .  Even though the pro j e c ted demand for refined products 
for the years 1 9 8 0  and 1 9 8 5  were n o t  ch ange d ,  it mus t  be_  real i ze d  
that there are many factors wh i ch can a l t er future demands for 
products . Alre ady , environmental c oncern over p o l lution from h i g h 
sulfur fue l s  h as reduced or e l iminated the use of trad i tional fue l s  
( i . e . , coal and high - s u l fur res idual o i l s )  i n  many areas . S ince 
res erves of nat�ral gas and supp l ie s  of l ow - sulfur res idual o i l s  
are insuffic ient t o  f i l l  the v o i d ,  many industrial consume rs h ave 
h ad to switch to dis t i l late fue l s . This  s i tuation , p lus the swing 
by b i g  consumers on interruptible  gas s ervice to the us e of propane , 
butane , or d i s t i l lates , further compounds the prob lem o f  proj ec ting 
demand . 
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H I STORI CAL AND PROJECTED DOMESTIC REF I N I N G  CAPAC I TY 

I n  order to properly evaluate the p o s s ib l e  fu ture trends in 
domes tic  refining capac i ty ,  it is desirab l e  to review the h i s t o r 
i cal patterns . A s  detailed in App endix D ,  U . S .  p e tro leum refining 
operat ing cap a c i ty as reported by the Bur e au of Mine s incre ased at 
a compounded annual rate of 2 . 9  percent dur ing the 10 year period 
beg inn ing January 1 ,  1 9 6 2 . 

· 

Dur ing this 1 0  year period , U . S .  r e firiing oper ating capacity 
was incre ased  3 , 2 4 1  MB/CD , or 3 3 . 1 pe rcen t ,  from a 9 , 7 9 4  MB/CD l evel 
to 1 3 , 0 3 5 MB/CD at the end of 1 9 7 1 . Th i s  net increase was accom
pl ished by the construction of 5 , 3 8 6  MB/CD o f  add i tional capacity 
(equivalent to a 4 . 5  p ercent compounded annual rate o f  increas e )  
and the ab andonment of 2 , 1 4 5  MB/CD . 

O f  the 5 , 3 8 6  MB/ Cb o f  total additions , only 1 , 2 1 3  MB/CD,  or  
2 2 . 5  pe r cent , represented new grassroots r e fine r i e s . · The rema ining 
4 , 1 7 3  MB/ C D ,  or  7 7  . S  p ercent , con s i s ted of addi t ions to the capac ity 
of exis ting p l ants . The 2 , 1 4 5  MB / CD of cap ac i ty decl ine s resulted 
from the partial or total shutdown of 73 refineries  h aving a total 
cap a c i ty o f  5 7 3 MB/CD ( 2 6 , 7  percent of decl ine ) ; the loss  of 6 2 8  
MB/CD ( 2 9 . 3  p e rcent o f  decline) through cons o l idations o f  fac i l i 
t i e s ; and ,  9 4 3 MB/CD ( 44 . 0  pe rcent o f  decline)  o f  capa�ity decl ines 
and shutdowns for wh i ch no reason was spec i f ie d  to the Bur eau of 
Mines . 

In s p i te o f  the addi tion of 3 8  gras s r o o t s  refineries be tween 
1 9 6 2  and 1 9 7 1 , the numb er o f  operat ing refine r i e s  in the Un ited 
States decl ined from 2 8 7  to 2 5 3 ,  or  1 1 . 8  p e rcen t . Reflecting the 
incre ased  capac ity and tb e reduced number of operating p l ants , the 
average operat ing capacity o f  a l l  U . S .  re fine r i e s  increased from 
3 4 , 1 2 5  �/CD t o  5 1 , 5 2 1  B/CD- - an incr�a�e 6 f  1 7 , 3 9 6  B/CD , or  51 . 0  
percent . 

Over 5 8  percent o f  the increa s e  in U . S .  r e f in ing capacity 
occurred in PAD D i s tr i c t  I I I  wh ere operating cap a c i ty incre ased 
from 3 , 5 6 2  MB/CD to 5 , 4 6 3  MB /CD . F i gure 4 s hows· a map of the five 
Petroleum Adminis tration for De f�ns e (PAD) Di�tr i c ts . Dur ing the 
1 0  year p e r iod, Dis trict I I I  incre ased its  s h ar e  o f  U . S .  refining 
capac i ty from 3 6 . 4  per cent to 41 . 9 percent . Al though 16 gras s r oots 
r e f ineries  were buil t in D i s trict I I I  during the period , the numb er 
o f  operating p l ants declined from : s 6  to 8 2  as 2 0  refineries  we re 
shut down . . Overal l , D i s trict  I I I  op eratirig cap a c i ty increased at 
a 4 . 3 4 per cent compounded annual rate . 

D i s tr i c t V was the only other PAD D i s t r i c t  w i th re fining oper
a t ing capacity growing faster  than the national average and was  the 
only d i s tr i c t  s howing a· �et gain in the numb et o f  operating refin
eries - - increas ing from 44 in 1 9 6 2  to 4 5  in 1 9 7 1 . D i s trict  V oper 
ating cap acity incre as e d  from 1 , 5 1 3  MB/CD t o  2 , 1 5 1  MB / CD - - a  net 
gain of 6 3 8  MB / CD , o r  42 per cent , representing a 3 . 6  percent com
p ounded annual rate of incre as e . 
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On the o ther end o f  th e spec trum , refining capaci ty decl ined 
by 49 MB/ CD , or 3 . 1  percent , in PAD Dis trict I - - from 1 , 5 7 8 MB/CD in 
1 9 6 2 to 1 , 5 2 9  MB/CD in 1 9 7 1 - - as no new gras s roots p l ants were con 
s tructed and the numb er o f  op erati�g p l ants decl ined from 3 5  t o  3 0 . 
By De cemb er 3 1 ,  1 9 7 1 , the share o f  U . S .  re fining operating cap acity 
l o cated in PAD D i s t r i c t  I had decl ined to 1 1 . 7  percent from 1 6 . 1  
percent in 1 9 6 2 .  

Dis trict I I  w i tne s s ed the greate s t  numb er o f  p l ant clos ings 
as  the numb er o f  operat ing p l ants dropped from 9 2  ·to 7 0 - - a net de
c l ine o f  2 2 ,  in spite of 4 grassroots addi t ions . D i s trict I I  ca"  
p a c i ty increased by 6 8 7 ' MB/CD from 2 , 7 8 3  MB/CD in  1 9 6 2  to 3 , 4 7 0  
MB/ CD in 1 9 7 1 , repres enting a net comp ounded annual rate o f  
increase o f  2 . 2  per cent . 

D i s trict  IV operating capac i ty increased from 3 5 7  MB/CD to 
4 2 3  MB/CD - - a  net increase of 6 6 MB/CD equival ent to a 1 . 7  pe r�e�t 
compounded annual rate of increas e .  D i s trict  IV h ad a ne t l o s s  o f  
4 p l ants , and a t  the end o f  1 9 7 1  the average refinery had an oper
a t ing capacity of  1 6 , 2 5 6  B/CD . 

PRESENT REFINERY CAPACITY AND CONDITION 

I n  order to det ermine the pres ent op erating cap ac i ty , condition 
and p l anne d expans i ons of the Nation ' s  refineries and ass ociated 
fac i l i t i e s , a que s t i onnaire was s ent by the Nati onal Petrol eum 
Counc i l  to a l l  pe tro l eum companies operating refineries in the 
Un ited States . 

· 

Resp onding to this que s tionna ire were 9 2  comp anies  operating 
1 8 6  refiner ies  with a comb ined operating capacity o f  1 2 . 3  MMB /CD 
as  of January 1 ,  1 9 7 3 .  Not responding to the ques t i onnaire were 
7 2  compan i e s  operating 73 re finer ies  w i th an e s t imated operatin� 
capac i ty o f  s l ightly under 1 . 0 MMB/CD . Thus , as o f  January 1 ,  
1 9 7 3 ,  the Nation had an ind1cated 1 3 . 2  MMB/CD of op erating refinery 
capac i ty .  

The c ond i t ion o f  the re f inery c ap acity tan be described ln 
qua l i t ative terms with respect to various parameters : 

• A refinery mus t be in rel atively good mechanical and phys 
ical cond i t i on to ens ure s afe and orderly ope ration . 

• Long - term l i fe from a phys ical or mechanical s tandp o in t  i s  
dep end�nt o n  the continued exp endi ture o f  money for rep air 
and repl acement of equipmen t .  Type of equipment and r e l a 
tive s everity o f  operation have more o f  an effect on main
tenance expendi tures than do es equ ipment age . 

• Probab l y  the mos t  imp o rtant cons iderations with respect to 
ref inery condi t i on are ob s o l e s cence due to uneconomic s i z e ,  
poor l o g i s t i c s , dep l e t ion o f  normal crude supply s ource 
and econom i c  feas ib i l i ty of meet ing envi ronmental p l ant and 
produc t requi rements . The magni tude o f  expendi tures for 
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envir onmental needs are s i gnificant as even l arge refiner
ies  (over 1 0 0  MB/CD ) report costs  exceeding 10  p ercent of 
all  refinery investment to meet environmental regulat ions . 

The condi tion o f  the Nat ion ' s  operating ref iner ies  i s  di ff i 
cul t  t o  quan t i fy . Even the average age o f  the Nation ' s  r e finer i es 
canno t  be determined s ince the typical  ref inery has exper ienced 
nume rous mod i f i c at i ons and expans ions over its op erating l ife . 
Comp ar i s ons b e tween Bure au of Mines and NPC que s tionnaire data in
dicate that only minor changes in total refinery op erating cap a c i ty 
o ccurred in 1 9 7 2 . Based on his torical per formanc e ,  h oweve r ,  i t  i s  
reasonab le to exp e c t  that , i n  the future , ab out 2 p ercent o f  the 
Nat ion ' s  ref ining cap acity (or ab out 2 7 0 MB/CD , based  on 1 9 7 2  
operating levels ) w i l l  b e  abandoned e ach year . The s e  shutdowns r e 
f l e c t  ob s o l e s cence due t o  a comb ination o f  l o g i s t ical , te chno l o g 
i cal , env ironmental and economic con s i derat i ons . The fact that 
l i ttle  or no operating cap a c i ty was reported to be s hut down during 
1 9 7 2  probab ly reflects  the current and growing shortage of U . S .  r e 
f ining cap a c i ty , and there may be a temporary deviation from the 
his torical abandonment trend . It should , h oweve r ,  a l s o  be pointed 
out that tho s e  refineries not responding to the survey were gen 
erally smaller . H i s toricall y ,  smal l refiner ies  h ave had the h i g h 
e s t  abandonment rate - - th e  average s i ze  o f  shutdowns dur ing the 10  
year period b e g inning January 1 ,  1 9 6 2 ,  b e ing under 3 0  MB/ CD . 

Ab andoning c apac i ty i s  dependent in p art upon operating e c o 
nomics and . the requi rement for addi t i onal cap i t al to modern i z e  the 
refin ing fa� i l i t i e s  for c ont inuing op eration . Sign i f i cant sums o f  
money w i l l  b e  required over the next 6 years i n  order that the 
Nation ' s  pres ent refineries may me e t  exis t ing and proposed environ
mental regul ations . As reported by the NPC s urvey , thes e  costs are 
expected to t otal $ 3 . 3  b i l l i on ( 1 9 7 0  do l l ars ) for the 1 2 . 3  MMB/ CD 
of operating cap a c i ty resp onding to the que s tionnaire . This  i s  
equivalent t o  an expendi ture o f  $ 2 6 6  per da i l y  b arrel o f  capac i ty ,  
o f  which $ 1 1 2  w i l l  b e  required for l e ad removal ,  $ 5 4  for control of 
refinery water effluen t ,  $ 8 9 for contr o l  o f  refinery amb ient air 
and $ 1 1  for c ontrol  o f  ref ining no i s e  and l ight . 

App lying these factors to the Nation ' s  t o ta l  re fining cap acity 
of approximately 1 3 . 2  MMB/CD , one might reas onab l y  pro j e c t  that the 
curr ent condi t i on of the Nation ' s  r ef iner ies . is such that $ 3 . 5  b i l 
l ion w i l l. have t o  b e  spent in order to meet envir ohmental r�gul a
tions . Thes e  environmen tal expenditures wh i ch will  be required 
over the next 6 years are in addit ion to sub s tan.t ial  expendi tures 
alre ady made . For p e r s p e c t ive , $ 3 . 5  b i l l ion i s  equivalent to the 
expenditures required to construct 1 .  6 MMB /CD of add i tional refin
ery cap a c i ty based on a 1 9 7 0  dollar refinery cons truc t i on cost of 
$ 2 , 2 0 0  per daily b arrel o f  capacity . *  The condi t i on o f  the Nation ' s  

* The actual cap i tal required for new re fining cap acity can 
vary b e tween $ 1 , 5 0 0  and $ 2 , 5 0 0  per daily b arrel ( in 1 9 7 0  d o l l ar s )  
dep end ing �p on the r e finery s i z e ,  the characteri s t i cs o f  the crude 
o i l  to be proce s s e d ,  the p roducts to be manufactured and the s p e c 
ific at ions o f  the products . 
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r e f ineries i s  such th at in order to maintain current operating 
l e ve l s  of 1 3 . 2  MMB/CD , expenditures of some $ 1 . 1  b i l l i on per year 
( equival ent to the cost of adding s ome 5 0 0  MB/CD of new cap ac i ty 
e ach year) wi l l  be requi red to c f f s e t  abandonments and to me e t  en
vironment al requi rements . 

An additional factor wh ich l eads to a reduction of capacity 
is  the type o f  crude oil  proces s e d . I f  a refinery is  forced t o  
proce s s  cert ain typ es o f  crude o i l  f o r  whi ch i t  was n o t  des igne d ,  
i t s  effec tive thr oughput cap acity wi l l , in many cases , b e  reduced 
s ub s t antially (see Appendix C ) . For examp l e , a refinery des igned 
t o  process  a crude oil with a high gravity cannot pro c e s s  equiva
l en t  volumes of low- gravity crude o i l . Dome s t i c  and fore i gn l ow 
sul fur crude o i l s  are in short supp l y , and many refineries are 
des i gned to pro c e s s  only this typ e o f  crude o i l , b o th from a me t a l 
lurgical and from a proce s s ing viewpo int . H igh -sulfur crude o i l s , 
the type generally ava i l ab le from foreign s upp ly s ourc es , cannot  
b e  processed  in  a r efinery d e s igned for low - sulfur crudes without 
the ins t al l at i on of addi tional facilities  and/or extens ive modi f i ,  
cation o f  exis ting fac il i t i e s  t o  p revent corros ive damage and t o  
meet product specific ations . 

H I S TORICAL TRENDS IN REFI NERY PROCESSES* 

A survey of process uni t  capacities of U . S .  refineries shows 
how the need for certain proc e s s e s  has increased or decreased dur 
ing the l a s t  1 0  years . The changes  are due t o  many factors - - each 
refinery has its own particular prob l ems and e ach s ection of the 
country has different pro duct demands . Sti l l , the compos i te p i c 
ture displayed on Tab l e s  2 and 3 c l e arly shows certain trends . 

Crude O i l  D i s t i l l ation Capac i ty 

C rude o i l  dis t i l l ation capacity in the United States was 1 3 . 1  
MMB/CD as o f  January 1 ,  1 9 7 2 , and h as increased by over 3 MMB/CD 
s ince the end o f  1 9 6 1 . Th is is  a growth rate o f  app roximately 2 . 6  
per cent p e r  year , or a total incre a s e  of 3 0  p ercent in 1 0  years . 
S ince the l ate 1 9h 0 ' s ,  however ; dome s t i c  refin ing capacity has 
s hown a mirked reduction in rate  of growth . I n  1 9 7 1 , the gain was 
only 4 0 6 MB/CD , or 3 . 2  percen t , c ompared to increases  of ab out 5 5 0  
MB/CD , or 4 . 7  percent , in e ach o f  the previous 2 years . This r e 
duct i on was more evident in 1 9 7 2  s ince there was cnly one new gras s -

* B e caus e Bureau of Mines does not rep ort detailed refinery 
p r o c e s s  data , the Oi l and. Gas Journ a l  data are u t i l i zed in this 
s ec t ion . To tal capac i ty data w i l l  differ s l ightly for that of the 
Bureau of Mine s us e d  e l s ewhere in this report . Addi tional dis cus 
s ion o f  the changes in the t e chno l o gy o f  the re finery proces s e s  
di s cus s e d  in this s e c tion can b e  found in the comp anion volume , 
Fa c to r s  A ffe c ting U . S .  Petro l eum Refining, Impa c t  o f  New Techno l ogy , 
Septemb er 1 9 7 3 . 
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TABLE 2 

SURVEY OF OPERATING'REFINERIES IN THE UNITED STATES - 1962-1972 

Charge Capacity IMMB/SO) Production Capacity {MMB/SD) 
Operating Refining Catalytic Cracking Catalytic Catalytic Catalytic· Catalytic 

Num.�er Capacity Vacuum Thermal · Fresh Catalytic Hydro· Hydro- Hydro· Alkyla· Polymeriza· Coke 
Date Plants (MMB/CO) (MMB/SO) , Distillation Operation Feed ReCycle Reforming cracking refining treating tion tion* Lube Asphalt (MT/SD) 

1/1/62 299 10.01 10.59 3.67 1.81 3.75 1 .47 2.02 - - 2.37 .0.46 0.14 0.21 0.49 18.90 

1/1/63 293 9.92 10.46 3.58 1 .75 3.89 1 .55 1 .99 - - 2.54 0.49 0.13 0.20 0.49 19.20 

1/1/64 288 10.18 10.72 3.75 1 .72 3.99 1.62 . 2.05 - - 2.75 0.50 0.13 0.20 0.51 20.94 

1/1/65 275 10.25 10.76 . 3.76 . 1.64 . 3.99 1 .57 2.06 - - 2.93 0.53 0.13 0.21 0.54 21.14 

111/66 265 10.25 10.7.5 3.76 1 .69 3.96 1 .53 2.09 - - 3.10 0.55 0.12 0.21 0.53 23.03 

1/1/67 261 10.45 10.95 3.89 1 .64 3.95 1.65 2.19 - - 3.35 0.60 0.11 0.21 lJ.54 25.00 

1/1/68 269 1 1 .14 1 1 .66 4.08 1 .66 4.18 1.60 . 2.38 0.41 - 3.66 0.65 0.10 0.21 0.53 28:43 

111/69 263 1 1 .57 12.08 4:12 1 .60 . 4.25 1 .55 2.54 0.50 0.55 3.27 0.67 + 0.25 0.20 0.57 29.43 N I 00 111no 262 12.15 12.65 4.55 1.64 4.37 1 .49 2.78 0.60 0.54 3.51 0.75 0.29 0.21 0.58 35.49 

111m 253 12.68 13.28 4.74 1.56 4.51 1 .46 2.89 0.73 0.54 3.81 0.78 0.31 0.22 0.60 38.77 

111n2 247 13.09 13.71 4.85 1 .53 · 4.57 1.26 3.17 0.84 0.63 4.26 0.82 0.29 0.22 0.62 41 .47 

Incremental Change 

1962-1972 3.08 3.12 1 . 18  (0.28) 0.82 (0.21)  1.15 0.43 0.08 1 .89 0.36 - .  0,01 0.13 22.57 

% Crude 100.0 101.3 37.8 (9.0) 26.3 (6.7) 36.9 13.8 2.6 60.6 1 1 .5 - 0.3 4.2 

NPC Questionnaire 
& Ex�nsion· Data (MMB/CD) 

1973-1978 1.8 - . 0.50 (0.-18) 0.?.0 0.0 0.67 0.11 0.67 0.99 0.13 0.14 0.18 0.09 6.4 

% Crude 100.0 - ·28.o· (1.0 I 1 1 .0 0.0 37.0 6.0 37.0 55.0 7.0 8.0 1.0 5.0 

• Aromatic and isomerization reported beginning 1/1/69. 

Source: Oil and Gas. Journal, Annual Refining Reports (January 1 , 1962 through January 1, 1972); NPC Refining Survey QueStionnaire (1973 through 1978). 



TABLE 3 
TRENDS I N  DOWNSTREAM PROCESSING UNIT CAPACITY 

(Percent of Crude) 

�harge Capacity 
Catalytic Catalytic Catalytic 

Crude Vacuum Thermal Cracking Catalytic Hydro- Hydro-
Date Ratio* Dist!llation Operation ( Fresh Feed) Reforming Cracking Refining 

1/1/62 100.0 34.7 17 . 1  35.4 19.1  0 0 
1/1/63 98.8 34.3 1 6.7 37.2 1 9:0 0 0 
1/1 /64 101 .2  35.0 1 6.0 37.2 1 9.1  0 0 
1/1/65 1 01 .6 35.0 1 5.2 37.1 1 9.2 0 0 
1/1/66 1 01 .5 35.0 1 5.7 36.9 1 9.4 0 0 
1/1 /67 1 03.4 35.5 1 5.0 36.1 20.0 0 0 
1/1/68 1 1 0. 1  35.0 14.2 35.9 20.5 3.48 0 
1/1/69 1 1 4.1  34.1 1 3.3 35.2 2 1 .0 4. 1 1  4.54 
1/1/70 1 1 9.5 35.9 12.9 34.6 21 .9 4.77 4.30 
1/1/71 125.4 35.7 1 1 .7 34.0 21 .7 5.51 4.04 
1/1/72 1 29.5 35.4 1 1 .2 33.3 23.1 6.1 2 4.62 

Production Capacity 
Crude 

Date Ratiot Alkylation Lubes 

1/1/62 1 00.0 4.38 1.98 
1/1/63 98.8 4.68 1 .91 
1/ 1/64 101 .2 4.70 1 .87 
1/1/65 101 .6  4.93 1 .92 
1/1/66 101 .5  5 . 12 1 .91  
1/1/67 103.4 5 .44 1 .91  
1/1/68 . 1 1  0. 1 5.55 1 .80 
1/1/69 1 14.1 5.55 1 .66 
1/1/70 1 1 9.5 5;92 1 .65 
1/1/71 125.4 5.84 1 .67 
1/1/72 1 29.5 6.00 1 .59 

*Calculated on annual stream day �apacity data {see_ Table 2).  

tCalculated, crude caPacity as P·ercent_ of 1 /.1/62 stre
,
am day capacity (see Tabl� 2). 

.tTons of coke per thousa�d �arrels of crude charge. 

Asphalt 

4.59 
4.67 
4.74 
4.99 
4.94 
4.96 
4.59 . 
4.75 
4.61 
4.51 
4.52 . 

Catalytic 
Hydro-

Treating 

22.4 
24.3 
25.6 
27.2 
28.8 
30.6 
31 .4 
27.1 . 
27.7 
28.7 
3 1 . 1  

T/IYIB:j: 
Coke 

1 .78 
1 .84 
1 .95 
2.1 1 
2.14 
2.28 
2.44 
2.44 
2.81 
2.92 
3.03 

r o o t s  re finery to go on - s tream . This trend may con tinue for the 
next few years b e caus e o f  unce rtainties concerning crude oil  s up 
p l i e s , l e ad usag e , r efinery s i te s , environmental protection prob 
l ems and the avai l ab i l i ty o f  cap i tal . 

Vacuum D i s t i l l a t i on 

The charge rate t o  vacuum distil lat ion uni t s  has increas e d  a t  
ab out t h e  � arne r a t e  as  t o t al crude o i l  d i s t i l lation capacity and 
r e ached 4 . 8 5 MMB/SD in 1 9 7 2 . 
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Thermal Operat ions 

One of the mo s t  s ign ifi cant changes in refinery proce s s e s  has 
been the decl ine of thermal oper ations . S ince the end of 1 9 6 1 ,  
the i r  c omb ined cap aci ty has decreas e d  from 1 . 8  MMB/CD to s l ightly 
over 1 . 5  MMB/CD - - as a pre cent of crude charge the i r  capacity has 
dropped from 1 7 . 1  p ercent to 1 1 . 2  pe r cent . C l assified in thermal 
ope r �i i ons are gas/oil  crackers , visbreakers , fluid �oking , de l ay e d  
coking and other s . A s  coke p roduc t i on h a s  incre ased from 1 8 . 9 0 to  
4 1 . 4 7 M tons per day , the capacity o f  fluid and delayed coking 
un its  has incr eased dur ing this period ; therefore ,  the o ther the r 
mal operations mus t  have exp e r ienced s harp r e ductions t o  offset  
this  increas e . Mos t of  thi.s c ap a c i ty has  b e en diverted to  ca t a 
lytic  c r acker s  and t o  the new hydrocr ackers wh i ch p rovide a more 
de s i rab l e  p roduct dis tribution . The NPC survey indicates that r e 
fine r i e s  are not including thermal operations i n  their future 
exp ans i on . 

Catalyt i c  C racking 

In te rms of throughput , the cata lyt i c  crackers are among the 
l ar g e s t  un its  in a refinery . F rom 1 9 6 2  to 1 9 6 5 ,  they showed a 
s l ight in crease in fresh feed c ap ac ity from 3 5 . 4  percent of total  
crude inputs to 3 7 . 1  percen t . S ince 1 9 6 5 , w i th more active zeo l i te 
catalyst g a ining in popular i ty ,  and w i th the devel opment of hydr o 
cracking proces s e s , cataly t i c  cracking capac i t i e s  h ave incre as e d . 
from 3 . 9 9 MMB/SD to 4 . 5 7 MMB/SD , but h ave decl ine.d as a pe rcent of 
crude charge from 3 7 . 1  percent to 3 3 . 3  p e rcent . The z e o l i te cata.
lys t w i th i ts imp roved s e l e c t iv i ty h as permitted the re fineries t.o 
incre a s e  convers ion rates wi thout having to expand regenerator an� 
gas process ing fac i l i t ies . The new c atalys ts and other develop� 
ments , s uch as the introduc tion of hydrocracking and the r e ductio'n 
in thermal cracking , h ave al lowed the r e f ine ries  t·o incr ease the ir 
total gasol ine y ields . 

Recent envi ronmen tal regulations are creating s ignifi cant ad
d i t i onal cap ital expenditure requirementi . Many feeds tocks �us t 
b e  hydrotreated and s t ack gas desulf�r i zation uni ts and additi on�l 
catalyst r ecovery sys te�s are b e ing required . The s e  factors res�lt  
in  the overall  cap i t al reque s ts for cat  cracking b e ing comp e t i t ive 
with tho s e  of hydrocrackin g .  

Catalyt i c  Re forming 

There was l i t tle  change in re forming capacity dur ing the y e ars 
1 9 6 2  through 1 9 6 6 , when cap a c i ty r emained at s l ightly over 2 . 0  
MMB/SD , o r  1 9 . 1  percent , of crude c ap ac i ty .  S ince then , i t  has in 
creased to almo s t  3 . 2  MMB / SD w i th an average growth rate o f  7 . 7 
percent p e r  year . In 1 9 7 1 , the increase was 9 . 7  pe r cent and the 
trend i s  exp e cted to cont inue . The strong demand for catalyt i c  r e 
forming i s  due t o  the anticipated r equi rement t o  r educe l e ad l evels 
in motor fuel according to Envi ronmental Protection Agency regul a 
t i ons and to u s e  aromat i cs for chem i cal feeds tocks . 

3 0  



Ano ther factor has b een the increase in hydrocracking cap ac i ty , 
which produces naphthas that s o�etimes need to b e  upgraded v1a cat 
alytic reforming . The NPC survey data confirm that re forming capac 
i ty i s  expected to con tinue to grow ; for the 1 9 7 3 - 1 9 7 8  period i t  is 
e s t imated at 3 7  percent of the prop o s e d  crude exp ans ion . Recent 
deve lopments h ave resulted in more s e l ective , h i gh e r  yield  and l onger 
l i fe re forming cat alys ts . H i gher re forming severity ope rat ion 
p roces s in g  l ow e r  quality feeds t o cks is  now e conomi cal . 

Hydro cracking 

Hydro cracking , a relative ly new commercial  proce s s , . enab les 
refineries t o  produce varying ratios of gas o l ine from middle dis c 
t i l l ates , thus improving fl exib i l i ty .  It i s  cons iderab ly more ex
pens ive than catalyt ic cracking , and s o , in many cqs e s , it has been 
used only to s uppl ement catalytic cracking capac i ty . S ince 1 9 6 8 ,  
the hydrocr acking cap acity has more than doubl e d ,  increas ing from 
. 4  MMB /SD to . 8  MMB/SD . This process  h as had a phenomenal growth 
rate whi ch has averaged approximately 2 7  percent p e r  year ; however , 
with the current s l ack in refinery expan s ion , i ts growth rate has 
a l s o  decl ined , and in 1 9 7 1  i t  was only 1 4 . 7  p e rcent . 

The comb ined cap ac i ty o f  hydrocr acking and catalytic cracking 
has remained at approx ima tely 3 9 . 5  percent of the crude charge , in
dicating a fairly con s t ant amount o f  feed ·avai l ab l e  to e i ther proc
ess . O f  this t o t al , hydrocracking now accounts for 6 . 1  percent com
pared to 3 . 5  p e rcent in 1 9 6 8 ,  indi cating a defin i te pre ference for 
hydrocrackers in the l a s t  few years . Al though this proce s s  may be 
s l ightly  more expens ive than catalytic cracking , the prob lems in
volved in s ecuring feedstocks for the hydro gen required by hydro 
cracking are b e c oming more s evere as natural gas supp l i e s  dwindl e .  

Catalytic Hydrore fining 

S ince 1 9 6 8 , the capacity for catalytic hydrorefining has not 
chan ged as a pe rcent of th e crude charge . Future p l ans show a s i g 
nifi cant inc rease  i n  catal yt i c  hydrorefining , with most o f  the 
growth attributabl e  to the need for further r eductions in dis t i l late 
sulfur l eve l s . The que s ti onnaire resul ts did not indicate any p l ans 
for direct desulfur i zation of r e s i duum . 

Catalytic Hydrotreating 

Hydrotreating has grown from 2 . 4  MMB/SD cap a c i ty in 1 9 6 2  to 
4 . 3  MMB/ SD in 1 9 7 2 . With the introduction of b imetall i c  catalys ts 
for reforming , many refiners have bui l t  new naphtha hydrodesu l fur
i z ation .uni ts t o  desul furize  naphthas t o  the very . l ow sulfur l evels 
required for the s e  catalys t s . With the empha s i s  on l owering dis 
t i l late sulfur l evel s , refineries have a l s o  incre ased  d i s t i l l ate 
hydro treating capac ity . The comb ined treating capacity has in
creased from 2 2 . 4  percent of the crude to 3 1 . 1  percent during the 
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l a s t  1 0  years and is expected to incre a s e  by ano ther . 5 5 MMB /CD in 
the next 5 years . 

Alky l a t i on 

Total a lkylate c apacity during this per iod has almo s t  doub l e d ,  
increas ing from 0 . 4 6 MMB /SD t o  0 . 8 2 MMB /SD . A s  a percent o f  the 
crude charge , it has also  shown a sub s t antial increas e ;  it went 
from 4 . 3 8 pe rcent in 1 9 6 2  to 6 . 0 0 percent in 1 9 7 2 . Most  of this 
incr e a s e  can be attributed to the new zeol ite catalys t for cat a 
lytic crackers which has incr eased conve rs ion and s e l ectivity 
l ev e l s  for producing addi tional ole fin feedstock for alkylation 
units . Al s o ,  many re f iner ies are including more propylenes in 
the ir feedstocks , a result o f  improved recoveries  or divers ion 
from o ther us age . S ince alkylate has a high clear (unl e aded) o c 
t ane numb e r , i t  i s  one o f  the more des irab l e  b l ending stocks for 
mo tor fue l , especially i f  addi t ional reductions in l e ad us age are 
neede d .  

Lube O i l s  

Lube o i l  production has incr eased very little  over the p a s t  
few year s , poss ibly indic at ing that improvements i n  s ervice life  
h ave o f fs e t . the increased. demand . P roduc tion o.f lube o i l  as  p e r 
cent o f  crude input dec l ined from 1 . 9 8 percen t  i n  1 9 6 2  t o  1 . 5 9 p e r 
cent i n  19 7 2 .  

Asphalt 

As a percent o f  crude charge , asphalt demand has kept pace 
w i th refin ery growth and has incre ased  from 0 . 49 MMB /SD to 0 . 6 2 
MMB/SD over the 1 0  y e ar per iod 1 9 6 2 - 1 9 7 2 .  

Coke 

Petroleum coke product ion has more than doub led in the l a s t  
1 0  y e ars , increas ing from 1 8 . 9 0  t o  4 1 . 4 7 M tons per day . This 
change has produced more gas oil for catalytic cr ackers and/ or 
hydrocrackers as more res i duals h ave b e en dive r te d  from fuel o i l  
t o  coking proc e s s es . Bes ides allow ing t h e  re finery t o  pr oduce at 
a higher gasol ine to di s ti l l ate ratio , coking lowers the sul fur 
content o f  the fuel o i l  produced . 

P ROJECTED DOMEST I C  CAPACITY THROUGH 1 9 8 5  

B a s e d  on the results o f  the NPC que s tionnaire , the operating 
c ap ac i ty of U . S .  refineries  as o f  J anuary 1 ,  1 9 7 3 ,  was 1 3 . 2 MMB/CD . 
This total  rep res ents near ly 1 2 . 3  MMB/CD of rep orted op erating ca
p ac i ty and s l ightly under 1 .  0 MMB/CD o f  cap ac i ty operated by c om
p an i e s  not responding to the que s t ionnai re . This cap ac i ty comp ares 
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Beginning-Year Capacity 
Add: Grassroots 

Expansion 
Less: Abandonment 

Year-End Capacityt 

Mid-Year Average Capacity 

* Less than 0.1. 

TABLE 4 

U.S. OPERATING R E FINING CAPACITY 
QUESTIONNAI RE RESPONSE 

(MMB/CD) 

1973 1974 1975 

1 3.2 1 3.2 1 3.5 
0.1 0 . 1  * 0.2 0.4 * 0.1 

1 3.2  13.5 1 3. 9  
13.2 13.3 13.7 

t Includes 1 .0 MMB/CD capacity not reported to questionnaire. 

1976 
13.9 
0.4 
0.4 
0.1 

14.6 

14.3 

1977 
14.6 

0.1  
0.1  

14.6 
14.6 

1 978 
1 4.6 

0.3 
0.1  

15.0 

14.8 

with the 1 3  MMB / CD o f  total U . S .  operating cap acity as reported t o  
the Bure au o f  Mines a s  o f  January 1 ,  1 9 7 2 . 

Results o f  que s t i onnaire respons e s  were a l s o  tabulated for 
p l anned refinery expans i ons , abandonments and gras s roots cons truc
t i on through 1 9 7 8 . These are shown on T ab l e  4 .  These changes t o  
cap acity an d the resulting total capacity based on survey resu l t s  
r e f l � c t  p l ans a s  of l a t e  1 9 7 2 . Chang�s in the p o l i t i cal and e c o 
nomic c l imate  are not refle�ted.  

An analys i s  o f  historical  capac i ty ,  shown on Tab l e  5 ,  indi c ates 
that the growth rate was 1 . 2  p ercent p e r  year for 1 9 6 0 - 1 9 6 5 , and 

1 960 
1965t 
1 970t 
1 975 
1 980 
1 985 

1970·1985 Average 

* Not a forecast. 

TABLE 5 

TOTAL U.S. OPERATING R E FINING CAPACITY 
ACTUAL AND PROJECTED* 

Total U.S. Mid· Year 
N_umber of Refining Capa-city 
Refine'ries (MMB/CD) 

290 9.6 
273 1 0.2 
262 1 2.3 

1 3.7 
1 5.6 
1 7.4 

t Average beginning and ending of year (see Table 50). 
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Average Annual Growth 
Over 5-Year Period 

% MMB/CD 

1 .2  0.1  
3.8 0.4 
2.2 0.3 
2.6 0.4 
2.2 0.4 

2.3 0.3 



3 . 8  p e rcent p e r  year for 1 9 6 5 - � 97 0 .  A s tatistical  proj e ction which 
ut i l i zes  the his torical and que s t i onnaire data s hows a growth rate 
o f  2 . 3  p ercent p e r  year from 1 9 7 0  t o  1 9 8 5  ( s e e Figure 5 ) . 

Shown in F i gure 6 are h i s torical  and proj ected crude o i l  
throughput rates t o  refiner ies . I n  this figure and i n  a l l  proj e c 
t i ons o f  required refining capacity , a 9 2  p e r cent refinery util i z a 
t i o n  factor h a s  b e en used  ' ( i . e . , 9 2  barre ls o f  actual crude thr o ugh
put for  each 100  barre l s  of crude oil  dis t i l l a t i on capacity) . H i s c 
torical  exp e r i ence shows that this r epresents the h i ghes t rate 
which has b e en sus tained by the indus try on a year - in - y ear- out b a 
s i s .· The ques t i on o f  the ihdus try being unab le t o  run at 1 0 0  p er 
cent o f  rated crude di s t i l lation capacitT ari s e s  from the anomaly 
in the defini t i on of a " cr].lde d i s t i l lation capacity . "  I t  does not 
t ake into accoun t  the fact that other materi als , s uch as natura l  
gas l iquids , unfinished o i l s  and partially refined o i l s  are often 
run in the crude di s t i l lation uni t .  A refinery is  a cont inuous 
·f low op eration , and any imb a lances in the capacity o f  e s s ential 
downstre am un i t s , _ such as catalytic cracking and cataly t i c  reform
ing uni ts , can r e s t ri c t  the overall refinery input volume . Op erat
ing capacity cannot .be  recove red if p rob l ems occur when op erating 
at maximum rates . Variations in crude o i l  s up p ly , typ e and trans -
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p ortation , as  well as such factors as  unexpe cted process· . unit down 
t ime , make the · us e  o f  an ove rall indus try ut i l i z at i on .factor 
n e c e s s ary . 

REF I N I NG CAPA C I TY SHORTFALL 

Unt i l  recently , the s hortfall  in p roduct i on by U . S .  refineries 
has b e en p r imari ly confined to res i dual fuel o i l .  Thi s  defic i t  de 
v e l op e d  over many y ears and was e s s ent i al ly attributable t o  .the 
unde rly ing economi cs of fue l use p a t t erns and dome s t i c re fining . As 
the real p rice o f  indu� tr i a l  fue l s  f e l l , do�e s t i c  ref irlers became 
increas ingly unab le to  comp e t e .  F o re i gn refiners with unlimi t e d  
acce s s  t o  low - co s t  foreign crude. could build relatively s imp l e  and 
inexp ensive r e fineries to supply ' th e  U . S .  heavy fuel o i l  marke t at 
a c o s t  comp e t i tive with gas and coal . I mport  policies  r ecogni z e d  
t h e  p revail ing economi cs affect ing t h e  manufacture o f  residual fuel 
o i l  in the Uni t e d  S tates and p rovided accordingly for l i b eral im
p o r t at i on of heavy o i l s . 

Under these  circums tance s , r e f inery capacity t o  meet demand for 
heavy o i l s in the United  S tates  was increas ingly bui l t  in the off-
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shore areas adjacent t o  th� U . S .  markets ; and U . S .  c apacity was de
s i gned to increase light product y i e lds . The economi cs for ah o f f 
s h o r e  refinery to p r o duce fue l o i l  are , howeve r ,  changing . Low- c o s t  
and l ow- sul fur fore ign crude o i l  supp l i e s  wh i ch provided incentives 
for o f fs hore manufatture of heavy fue l oil  are in tight supp ly . 
Add i t i onally , demand for l ow - sulfur fue l o i l  has increas ed sub s tan 
t i a l ly an d ,  i n  order t o  increas e production levels , refiners may 
h ave to ins tal l cos tly desulfur i z ation equipment when app ropriate  
crudes can b e  obtained .  

TABLE 6 ,  

CO,MPOSITION OF U.S. IMPORTS OF REFINEO PETROLEUM PRODUCTS* 
(MB/CD) 

Product Group 1960 1965 1970 

Light Products _ Gasqline 27 27 67 
Jet Fuels 34 81 144 
Middle Qistillates (Ex. No.'4 Fuel Oil) 35 36 81 
LPG 4 21 52 
Petrochemical Feedstocks 1 1 5  
Solvent Naphthas 8 6 

Total Light Products 1QO 1 74 365 

Heavy Products 
Residual Fuel Oi l  637 946 1 ,528 
No. 4 Fu_el Oil t 70 
Asphalt 17  17  1 7  
Lubricants and Wax 1 

Total He.ayy Products 654 963 1,616 

Na�u.ral GasOline and Plant Condensate 6 
Unfinished Oils 45 92 1 08 

Total NGL:I: and Unfinished Oils 45 92 1 1 4  

Total Product I r'nports 799 1;229 2,095 

Bonded Products I n'cluded Above 
Light Products 20 51 1 44 
Heavy Products 1 04 1 36 . 1 1 7 

Total Bonded 1 24 1 87 261 

Imports for Consumption 
Light Finished Products 80 1 23 221 
Heavy Finished Products 550 827 1 ,499 

Total Fin'l�he:d Products I rrlpbrted 
for Consumption 630 9!?0 1,720 

' ' . '  

NGL and Unfinished Oils 45 92 1 1 4  
Total I mportS for Consumption 675 1,042 1,834 

• Data from U.S. Department of Commerce, as reported hy Bureau of. Mines . 

t CenSus classified No. 4 fuel oil as distillate. fuel and industry as 'a heavy fueL 

f Natural gas liquids. 
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1 972 

68 
195 

97 
89 

8 
2 

459 

1 ,742 
85 
25 

3 
1,855 

86 
1 25 
21 1 

2,525 -

1 79 
1 25 
304 

. 280 
' 1 ,730 

2,0 1 0  

2 1 1  
2,221 



.Gen,ey.a)ly , howev�r ,  U . S  .. domes t ic refining . capacity was ade.
quate to  meet refined p roduct demand un t i l  the 1 9 60 ' s .  S ince t·bat 
t ime , a s h ortfall in refining �apac i ty . has b e en develop ing , and t o 
tal  product imports h ave .b een increas ing sharp ly ( s e e .  Tab l e  6 ) . I t ·  
should b e  noted. that a la-rge share of the total imp orts were heavy 
fue l  o i ls and that a l,arge s hare of the l igh t p roduct imports were 
bonded fuels . Al s o ,  a large port ion rep res ent �d unfinished o i l s  im
p orted for final process ing in U . S .  r efineri es .

. 
Tabl e 7 shows the 

trend in refinery cap acity utili zation over the last  1 2  years . As 
a ru l e ,  the phy s i ca l  capacity has exi s ted to meet total l ight p r o �  
duct demands . I n  1 9 7 2 ,  U . S .  product demand . increased more thari 1 : 1  
MMB / C D ,  o r  7 . 4  percent . Dome s ti c  capacity plus authori z ed imp orts 
b e came insufficient to meet demand and , as a result , large drawdowns 
o f  inven tories  occurred.  · · Curreht · indus'fr}' pro'j ectidhs for 1 9 7 3  : 
s h ow that another large increase in demand may be expec ted , and ,  
therefore even higher levels of product imp orts w i l l  be requi red to 
meet demands . . .. 

Figure 7 provides a graphic demons tration o f  the wi dening 
spread b e tween refinery capacity requir�d to s a t i s fy total demand 
for  p r oducts and the e s t imated refining cap a c i ty t o  be , a va i t:�b le . . 
For 1 9 7 5 , the shortfa l l  of refiping cap aci ty i s  p roj ected t� be 4 . 8  
MMB / C D ,  or 2 5 . 9  percen t .  By 1 98 0 ,  this may increase to . 2.6 . 7 per
cent , and in 1 9 8 5  p roduct demarid is proj ected t o  exceed U . S .  capac -

' 

TABLE 7 

TRENDS I N  U.S. OPERATING REFI NING CAPACITY UTILIZATION* 
(MB/CD) 

C,rude Runs to Sti! Is 
Estimated N G L  and Unfinished O'i ls 

Processed in Crude Units 
Estimated Total Throughput in �rude Units 

Average Crude Distillation Capac[ty ·._{fv'li��Year) 
Apparent Spare Crude Dis�i l lation Capacity 
Finished ProductS I mported for C6�s�r:nptiont 

Light Oils 
Heavy Oi ls  

TOtal
-
Finished Products I mported 

toY COilsurTiption 
· 

Refinery· Capa:city Equivaleni=f 
· 

Apparent Shortfall in U.S. Refinin'g Capacity 
to Meet Total Requirements 

• U.S. Bureau of Mines data . 

1960 

8,067 

403 

8,470 

9,587 

1 ' 1 1 7  

80 
550 

630 

685 

(432) 

t Excluding imports in bond and fuels import�d for military offshor:e use. 

1 965 

9,043 

___1§£ 
9,495 

.. 1 0, 1 66 

671 

1 23 
82ry 

. ·950 . 

1,033 

362 

:f: Imports converted to capacity equivalent using 92-percent utilization factor. 
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1970 

1 0 ,869 

____§§, 
1 1,41 5 

1 2,270 

855 

· 221 
_ , _ .  � 1 1 ,499 

. .1,720 

:;1 ,870 

1 ,0,1 5 

1 97·2 

1 1 ,699 

_§_§Q 
1 2,285 

1 3, 1 34(Est,l 

849 

2,010 

2,185 

1 ,336 
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U.S. REFINING CAPACITY REQUIRED 

�/� � TO SATISFY PRODUCT DEMAND 
WITH NO PRODUCT IMPORTS 

--
v / � "--u.S. OPERATING 

/ / CAPACITY* 
,. ... � v 

/� 
-:-

v �U.S. CAPACITY •REQUIRED TO SATISFY
. 

PRODUCT DEMAND WITH PRODUCT 
IMP

I
ORTS CINTINUING IT 1972.RATES ' . 

1960 1965 1970 1975 
YEAR 

1980 1985 

"Statistical projection of historical and survey cap,acity d�ta-not a forecast. 

F igure 7 .  Total  U . S .  Ope rating Refining C apacity Versus 
Requi rements - - 19 6 0 - 1 9 8 5 . 

TABLE 8 

PROJECTION OF TOTAL U.S. 
OPERATING REFINING CAPACITY SHORTFALL 1960-1985 

Tot'al Refining 
Capacity Required 

Mid-Year Average to Satisfy Shortfall Refining Capacity Product Dert:1and 
(MMB/CD) (MMB/CD) ' MMB/CD 

' 1 960 9.6 9 . 1  (0.5) 
1 965 1 0.2 1 0.5 0.3 
1970 1 2.3 1 3.2 0.9 
1 972 1 3 . 1  1 4.3 1 .2 
1975 1 3. 7  18.5 4.8 
1 980 1 5.6 21 .3 5.7 
1 985 1 7.4 25.1 7.7 
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. 

% 

(5.2) 
2.9 
6.8 
8.4 

25.9 
26.7 
30.7 



i ty by 3 0 . 7 p e rc ent , o r  7 . 7  MMB/CD . 
T ab l e  8 .  Tab l e s  9 an d 1 0  show bas ic 
i ty requirements . 

Thes e  data are t abula ted in 
data and derivat i ons o f  cap a c -

TABLE 9 

U.S. PETROLEUM SUPPLY AND DEMAND-1 970·1985 
(MB/CD) 

1 970 1972 1 973 Projection, 
Actual Actual Estimated 1975 1980 1985 

-- - -- --- -- --

Total U.S. Product Demand 14,942 1 6,589 1 7,600 1 9,800 22,550 26;200 

Operat ing Refining Capacity 
(Mid-Year Average) 1 2,270 1'3, 1 34 1 3,234 1 3.735 15,614 1 7 ,359 

Refinery Crude Runs* 1 0,869 1 1 ,699 1 2, 1 75 1 2,636 1 4,365 15,970 
Unfinished Oil Reruns (Net) 105 1 4 1  1 50 200 250 300 
ProCess Gain 359 388 400 41 5  500 550 
Product Output 1 1 ,333 12,228 1 2,725 1 3,251 1 5, 1 1 5  16,820 

Supply Factors 
1 ,8.60 N G L  Transfers 1 .663 1 , 827 1.700 1,600 1 ,5qo 

Other HydrocarbOn .l n puts 1 7  28 30 48 75 150 
Crude Transfers to Fuel Oils 14 1 2 12 1 2 1 2 1 2 
Finished Product I mports 

Bonded Fuels 261 304 325 375 500 625 
I mports for Consumptiot:J t 1.720 2,010 2,648 4.414 5,248 7,093 

Decrease in ProduCt I nventories -66 1 80 - - - -

U.S. Ref ining Output 1 1  ,333 1 2,228 1 2,725 1 3,251 15,1 1 5  16,820 

Total Supp,ly- 14,942 16,589 1 7,600 19,800 22,550 26,200 

. Refinery_ crude 'runs calculated at 92 percent of refinery capacity-1 973·1985 . 
t ImportS for cOnsumption assumed to balance supply/demand-1973-1985. 

TABLE 1 0  

APPARENT SHORTFALL IN U.S. OPERATING REFINING CAPACITY 1973-1985 
(MB/CD) 

1 985 
1 973 over 
Base 1975 1980 1985 1 973* 

--

Average Operating Refining Capacity 1 3,234 1 3,735 1 5,614 . 1 7,359 4,1 25 

Finished Products for I mports Required 
to Balance Supply/Demand 2,648 4.414 5,248 7,093 4,445 

Capacity Equivalent of Product I mportst 2,878 . 4.798 5,704 7,7 1 0  4,832 

Capacity Required to Meet Total 
Product Requiremen�s 1 6, 1 1 2 1 8,533 21 ,318 25,069 8,957 

. To meEit demands and replace all product imports by 1985, caPacity required; 
1 985 - 25,069 
1973 - 1 3,234 

1 1 ,835 MB/CD or approximately 1 MMB/CD per year growth in capacity required. 

t At 92-percent utilization factor. 

. 
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O i l  imp orts mus t  ri s e  r ap i dly in the . s hort term , in or der to 
cover the growing gap betwe�n total r equi rements and domes t i c  pro 
duc t i on .  O i l  imp ort p o l i c i e s , crude supp ly , comp arative economic 
of U . S .  and o ffshore refine ries , and envi ronment a l  conc erns b ear 
imp o r t an t ly on how much o i l  refining capacity w i l l  be bui lt in the 
Uni t e d  S t ates during th� neit l S  years . Thi s ; in turn , wi l l  deter
mine the ratio b e tween crude and pr oduct imp orts . Un l e s s  suffi c i ent 
ref inery capacity is added to meet growing consumer needs for non�  
r.e s i dual p r oducts , the Un it ed States wi l l  b e  forced into r e liance 
on imp orted l i gh t  p roducts ( e . g . , motor gaso line , ai rcraft fuel s  
and horne heating o i l s )  and w i l l  cont inue t o  b e  dep endent on imp o rts 
o'f h e avy fue l oi l .  

T ab l e  1 1  p res ents his torical y e ar - by - y ear informa t i on for the 
6 years  1 9 6 7 - 1 9 7 2  on refining capac i ty , product imp o r t s  and total 
demands . Thes e . data are pres ented for the total  country as we l l  as  
fo r PAD· D i s t r i c t s .  Overall  r efining capacity decreas e d " as · a p e r 
cent of pro<:tuct demand from 8 3 . 8  to 8 0 . 1  pe rcent . Refined · p ro duct 
imp o r t s  as \1 p ercent of total  demand has s te adily increas e d  from 
1 1 . 0  p e rcent to 1 5 . 3  percent to a leve l where total U . S .  product 
.imports  reached 2 .  5 MMB/CD in 1 9 7 2  . .  Refining cap acity increas ed 2 .  32 
MMB / Cb in thi s  6 year peri o d .  At th e s ame time , imp orts increased 
1. 0 9  MMB/CD . Thus , refining cap acity has b e en unable to keep up with 
the increas ing demand through this per i o d .  

· 

PAD D i s trict  I has the largest p opulation and i s  in the wo rs t 
p o s itipn o f  any dis trict with respect to s e lf- suff i c i ency . In 1 9 7 2 , 
crude c ap a c i ty was only 2 3 . 5 p_ercent of pro duct demand . About 2 . 1  
MMB / CD o f  pr oducts are imported from offshore ( 8 3  p ercent of the 
U . S .  t o t al ) , and ab out 3 MMB/CD are pipelined in from the South and 
Southwes t .  Th.ere has been e s s en t i a l ly no growth in the ref ining 
��p acity o f · this district in the p a s t  6 years . 

PAD District  I I  h as s h own a decrease in refining capac ity in 
r e l at i on to product demand from 8 5 . 6  to 7 0 . 5  p e rcent . Es s en t i a l ly 
no p r oducts  are imported from offshore . The needed products come . 
in from Dis trict I I I ,  whi ch h as maintained about 2 0 0  p ercent of re
fining cap aci ty · comp ared t o  the p ro duct deman d .  This accounts . for 
the abi l i ty to ship via p i p e l ine and water into D i s tricts  I and I I .  
J)is tricts IV and V are j us t  about ab le to s up p ly a l l  their demands 
wi th a rnirninurn o f  product imports . 

FORE I GN EXPORT CAPAC I TY ON U . S .  PERIMETER 

I n  the . prec eding s e c t i ons , 1 9 8 5  U . S .  requirement s  for refining 
c ap a c i ty were proj e cted to exceed current cap a c i ty by 1 2 , 0  MMB/ CD 
and t o  exceed proj ected 1 9 8 5  cap ac i ty by 7 . 7  MMB/CD . I n  an effort 
t o  define wor ldwide avai l ab i l ity o f  refined products to mee t b o th 
U. S .  increment a l  demand and U . S .  1 9 8 5  indi c ated shortfal l ,  an ana l 
y s i s  was made o f  non - C ommuni s t  fore ign refining c ap ac i ty and trends . *  

* The detai l e d  analysis  is  g iven in Appendix E and is  summ a 
ri z e d  her e . F o r  further informa tion see Office o f  O i l  and Gas , 
Dep ar tment . o f  the Interi or, Trends i n  Cap aa.i ty and. Uti l i za ti on . ,  
De cemb e r  1 9 7 2 .  

4 0  



. --c-. ' 

TABLE 1 1  
OPERATING RE F I N I N G  CAPACITY AND PRODUCTS IMPORTED 

RELATED TO TOTAL DOMESTIC DEMAND 
(MMB/CD) 

.1!!£ 1968 

. 

Operating Refining Capacity (Average) 1 0.79 1 1 .37 
Products I mported 1 .4 1  1 .55 

Total Domestic Demand 12.88 1 3.63 
Operati ng Refining Capacity (Percent) 

Total Demand 83.8 83.4 
Products I mported (Percent) 

Total Demand 1 1 .0 1 1 .4 

Operating Refining Capacity 1 .41 1 .45 
Products I m ported 1 .25 1 .40 

Total Demand 5.05 5.33 
Operating �efining Capacity (Percent) 

Total Demand 27.9 27.2 
Products Imported Offshore ( Percent) 

Total Demand 24.8 26.3 

Operating Refining Capacity 3.05 3. 1 6  
Products I mported .02 .02 

TQtal Demand 3.56 3.72 
Operating Refining Capacity (Percent) 

Totai .Demand ' 85.6 89.9 
Products I mported Offshore ( Percent) 

Tot�l Demand 0,6 0.5 

Operating Refining Capacity 4.24 4.58 
Products Imported .03 .03 

Total Demand 2.08 2.23 
Operating Refining Capacity (Percent) 

Total Demand 204 205 
Products Imported ( Percent) 

Total Demand 1.4 1 .3 

4 1  

1969 1970 

Total U.S . 
. . 

1 1 .73 
1 .76 

14.38 

81.6 

12.3 

1 2.27 
2 . 1 0  

14c99 

8 1 .9 

14.0 

PAD. District I 

1 .44 1 .48 
1 .57 1 .87 
5.52 5.91 

26,0 25.0 

28.5 31.6 

· · PAD District I I 

3.22 3.36 
.02 .05 

3.92 4.02 

82� 1 83.6 

0.5 1 .2 

PAD District I l l  

4.74 5.03 
.04 .06 . 

2.54 2.59 

187 194 

1 .6 2.3 

1971 1lli 

1 2.85 . 1 3. 1 3  
2.24 2.5 

15.44 1 6,37 

83.2 8 o.:i 

14.5 15.3 . 

1 .52 1 .53 
1 .96 2.08 
6.06 6.5 

. 

25.1 . .  23.5. 

32.3 32.0 

3.48 3.56 
.06 . 1 0  

4.14 . 4.48 

84.1 79.5 

1.4 . 2  .. 2 

5.35 5.49 
.05 .06 

2.69 2.61 

199 210 

1 .9 2.3 



TABLE 1 1  (CONT'D.) 

OPERATING REFINING CAPACITY AND PRODUCTS IMPORTED 
R E LATED. TO TOTAL DOMESTIC DEMAND ' . !fVIIVIB/CD) 

. 

1967 1968 1969 1970 

PAD District IV 

Operating Refining Capacity .39 .42 .42 .42 
Products Imported .01 .01 .01 

Total Demand .35 .39 .37 .38 
Operating Refining Capac}ty- {Percent) 

Total Demand 1 1 1  107 1 1 4  102 
Products lmpprted (Percent) 

Total Demand 2.6 2.7 2.7 

PAD District V 

Operating Refining Capacity 1 .70 1 .77 1 .87 1 .97 
Products Imported .1 1 .09 . 1 1 . 1 1 

Total Demand 1 .83 1.96 2.03 2.07 
O�erating Refining Capacity (Percent) 

Total Demand 92.9 90.3 92.1 95.2 
Products lmeorted (Percent) 

Total Demand 6.0 4.6 5.4 5.3 

Basis of Numbers: 
• Import'S were taken fnS'm Bureau of Mines figures. 
• Total d�mands and PAD demand are_.Bl;Jreau of Mines numbers. 

1971 

.42 

.02 

.42 

100 . 

4.7 

2.08 
. 1 4  

2.12 

98.1 

6.6 

• Operating 'refining capacity imports 'and demand numbers are expressed as barrels per calendar day. 
• 1972 numbers were compared with the first six months of 1971 and then ratioed for the total year of 1972. 
• The de�a.�d numbers h

_
ay� no correction_applied as far as relating f�Hnery yields to crude input. 

• Operating refining capacitY plus product imports should not equal prO"duct demand due to added inputs such 
as NGL and the fact that crude distillation capacity does not always equal crude runs. 

• Operatit')g _refining capacity is an average of start of year and end of year. 
· 

• NGL is not included in balances. 
-· 

1972 

.42 

.04 

.43 

97 

9.3 

2. 1 6  
. 1 3  

2. 1 4  

101 

6.1 

Of particu�ar int�res t is the cap acity o f  the s o - c � l l�d p e r �  
im,e ter eJ(port ing refineri e s - - thos e l o cated in Canada ,  the C aribb ean 
and L a  tin· Ameri c a .  Whi l e  other exp ort refining c ap acity , s Uch as 
I ta l i an or Pers i an Gul f ,  may b e  ava i l ab l e  to s up p ly products -to the 
U . S .  marke t ,  they are gene r a l ly at an economi c d i s advantage' · to p e r 
imeter export refineries b ec aus e o f  transp ortation . 

I t  was found that fore i gn refineries on the U .  S .  perimeter 
can cover a portion of the ant icip ated refining capac ity shortf al l .  
However , the growth rate required for this addit ional capacity w i l l  
have t o  exceed p r i o r  rates . Hence , i f  no a c t i on i s  t aken t o  expand 
dome s t i c  cap acity , o ffs hore c ap a c i ty may not  b e  sufficient to meet 
the demand .  
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TABLE 1 2  
FOREIGN EXPORT REFINING CAPACITY b N  u.s� PERIMETER* 

(MB/CD) 

1950 1955 1960 1965 1970 1971 1972 1975 
--

Location 
Canada 184 . 284 
Caribbean 755 1 ,204 1 ,705 2,095 2,755 . 3,062 3,272 3,965 
Other Latin America 

-- --

Total 755 1,204 1,705 2,095 2,755 3,062 3,456 4,2119 ' 
Avg. Avg. Avg. Ovei' Over 

1965 1970 1971 1972 1970 

Average Year·to·Year I ncrease 90 1 00 78 1 32 287 394 264 299 
Compound Percent I ncrease per Year 

Over Previous Period 9.8 7.3 4.2 5.7 11.1 1 2.8 7.2 9;1 

Memo: Crude Runs Based on 92% 
Util ization Factor 695 1 , 1 44 1 ,569 1 ,927 2,535 2,817 . 3,180 3,909 

Memo: M id-year Average Crude Runs 2,700 3,900 

. Start-of-year basis. See Appendix E, Intermediate and Resource Refineries sections. B/SO·converted to 8/CD by applying 
0.95 factor. 

The h i s tori cal g rowth o f  p e rimeter refineries i s  shown in 
T ab l e  1 2 . The refineries inc luded are defined as r e s ource refin
eries  and intermediate refine r i e s . Res ource refineri e s  are tho s e  
ne ar a pro ducing area ( in this cas e ,  specifical ly Vene zue l a) p r o 
ducing p r oducts f o r  exp ort . Intermediate refineries a r e  bui lt b e 
twe en c rude s ource and market , g enera l ly a l ong maj or trade rout e s . 
B o th Caribb e an refineries and Canadi an Marit ime Province refine r i es 
meet the s e  definiti ons . 

Tab le 1 3  c ompares growth rates  and annual exp ans ion of peri 
meter refine r i e s  under s everal as s ump t i ons . To cont inue to make 
up· about a l l  of the dome s t i c  shortfa l l , under the as sump t ion that 
no add i t i ons are made to U . S .  capac i ty , would require growth rates 
and capac i t i e s  beyond any exhib i t ed to date by these refiners - - i . e . , 
a 1 9 7 0 - 1 9 7 5  peak o f  1 2 . 2  perc ent v e r s u s  a 1 9 5 0 - 1 9 5 5  historical p e ak 
o f  9 . 8  p er cent , at a much l ower b as e .  

I t  can be concluded that i f  U . S .  dome s t i c  refining capacity 
does not  increas e ab ove p roj ected level s , dome s t i c  p lus perime ter 
cap a c i ty may be unab le t o  meet U . S .  p ro duct demands , and s ome ad
d i t ional r efined mat e r i a l  would h ave t o  move in from other areas . 
But l o g i s t i cs - - the economi cs of moving a mu ltip l i c i ty o f  p roducts 
v er s u s  tho s e  of movi ng crude o i l  and unfinished o i ls - - are heavi ly 
agains t any such s i gnifi cant op e r a t i on . 
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TABLE 1 3  

ALTE.RNATIVE GROWTH OF PER IMETER R E F I N E R I ES . . 
(MMB/CD) . 

U.S. Shortfall from Table 8* 
No U.S. Expansion vs. 1 972 Mid· Year Average 
With Projected U.S. Expansion 

Perimeter Refineries Reported Existing and 
Planned Capacity* . 

Percent/Year Growtht 

.AVerage Annual Addition 

Total Capacity of Perimeter Refineries· Required 
to Meet Total U.S. Shortfal l* 

Percent/Year Growtht 

AVerage Annual Addition 

1975 

5.4 
4.8 

4.0 

9.1 
.3 

4.8 

1 2.2 

0.4 . 

8.2 
5.7 

5.7 

3.5 

o,z 

* Shoftfall and expansion capacity based on actual needs; refinery additions based on 0.92 util ization factor. 

t Pe�l?ent per year over preceding 5-year period. 
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1985 

1 2.0 
7.7 

7.7 

6.2 

0.4 



Chap ter Two 

FACTORS AFFECT I NG REF I N I NG SHORTFALL 
AND ENVI RONMENtAL CONS I DERATI ONS 

• FACTORS AFFECTING DEMAND FOR CAPACITY 

There are four maj o r  factors affecting the ne.e_d for crude o i l  
and p e tr o l eum p.roducts : 

• The demand for energy in the United S t ates wh i ch is p r o 
j e cted t o  grow a t  an average rate of 4 . 2 p ercent p �r year 
through 1 9 8 5 . 

• The s upply of natural gas whi ch has become ve'ry ' -sh6rt due 
to increas ing demands exceeding dis c overies . .  

• Environmental c oncerns which have greatly c ontributed t o  
t h e  delay i n  many nuc lear power p l ants b e ing con�3truc ted or 
go ing on- s tream .  

• Envi_ronmental legis lation which i s  caus ing , or w i l l  caus e ,  
the displ acement of h i gh - s ulfur coal arid fue l o i l  and lead•  
e d  mo tor gaso line by l ow- sulfur fuel oil  and l ow - lead o r  
un leaded motor g as o l ine . *  

F luctuati ons in total o i l  demand and in demand for individual 
p roduc ts s t em from the fact that , a l though o i l  is not c 0mp l etely 
interchang e ab l e  with other fue ls in exis t ihg equipment , i t  can sup 
p ly the needs in any energy s ector o f  our economy . I n  effect , i t  
can act a s  a " swing" fue l . _  I f  natura l  g a s  f inding r a t e s  are dis 
app ointingly l ow in the future , o i l  can be used  to f i l l  the ne e d .  
The s ame c oncept h o l ds true for o i l  as an alternate t o  nuc lear 
p ower and coal  when appropriate . 

The p ower indus try ' s  efforts t o  u t i l i z e  nuclear p ower p l ants 
have b e en delay e d  by cons truct ion lead t ime p rob lems , <:;oo ling water 
dis charge s t andards · and envi ronmental court actions . There are ho t 
suffic ient production fac i l i t i e s  for l ow - � u l fur co al , and there are 
not  s uf f i c i en t  res erves of l ow - s ulfur coal within reas onable di s 
t ances  t o  s a t i s fy the demand- - 9 3  p e r cent b e ing a l ong dis tante from 
the maj o r  demand . Thus , many p ower p l ants have been , or will  b e: ,  
convetted to run on low- sulfur fuel o i l .  This conve rs i on has i n 
c r e a s e d  t h e  demand f o r  fuel o i l  over no�ma i rates , t hus contrib 
uting t·o the current l ow- sulfur fue l o i l  shortages . 

In his Apri l 1 8 �  1 973� e nergy m e s sage�  the Pre s i de n t  affi rm
ed EPA ' s  ca l l  to u s e  the mo s t  environm e n ta l ly desirab le fu e l s o n ly 
for a t tainm e n t  of "Primary " air qua li ty s tandards ( th o s e  r e la t e d  
t o  hea l t h )  a s  o u t l i n ed b y  th e 1 9 70 C l e an A i r  A c t  Amendments and 
a l low orderly a t tainm e n t  of the more s tringent "Se condary " s tand
ards ( th o s e  r e lated to gener a l  we lfare ) . 
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Addi t i on a l ly , the s upp l ies o f  l ow- sulfur crude o i l  are limi t 
e d ,  and their worldwi de availabi l i ty w i l l  t i gh t en a s  countries com
p e t e  more vigo rous ly in the world market for a limited res ource . 
Als o ,  low exp l or ation finding rates and l imi ted l e a s e  s ales  have 
led to few new dome s t i c  s our ces o f  o i l  b eing deve lop e d .  

On January 1 0  and October 1 2 ,  1 9 7 3 ,  the EPA pub lished i n  the 
Federa l Regi s ter its regul ations r equiring the gener al availab i l i ty 
o f  unl e aded g a s o line by July 1 ,  1 9 7 4 .  Thes e regulations were i s 
sued on the premi s e  that a catalyti c  devi ce was neces s ary to con
trol auto emi s s i ons , that a suitab le device ( 5 0 , 0 0 0  mi l e  life)  
could be . deve l op e d  and that l e ad would p o i s on the catalys t .  EPA 
a l s o  prop o s e d  that l eaded grades o f  gasol ine be limited to 2 . 0  
grams per  gal lon of l e ad by J anuary 1 ,  1 9 7 5 , and 1 . 2 5 grams p er g a l 
l on b y  January 1 ,  1 9 7 8 . * 

One di rect effect o f  the techniques used t o  contr o l  these e 
miss i ons i s  that a vehicle ' s  fue l  e ffic iency i s  lowered . As a r e 
s u l t ,  . it  i s  neces s ary t o  proce s s  more crude o i l  i n  o rder t o  produce 
the addi tional gasoline that is r equired .  Res tr icting the us e o f  
l e a d  addi tives i n  gaso line w i l l  require ref iners t o  use s t i l l  more 
crude o i l  in o rder t o  p roduce more high- octane gas o l ine components . 
The cumul ative effect of the s e  requir ements. could c aus e ;m incr eas e 
i n  our need for crude o i l  di s t i l l at i on capac�ty by 1 9 8 5  beyond that 
shown in Figure 7 ,  Chap ter One . 

FACTORS AFFECT I NG EXPANS I ON OF REF I N I NG CAPAC I TY 

Lo cation of Add i t i o�al Capacity 

Wi thin t oday ' s  p o l i t i cal , s o c i a l  and environmental cl imate 
there are many res trictions imp o s e d  by regul atory authori.ties  which 
are contribut ing t o  the shor t f a l l  of refining cap ac i ty .  Data from 
the NPC indus try sur�ey indicate that refinery expans ion can take 
p l ace at exi s t ing locations . Thes e expans ions are subj ect to ob 
taining pe rmi ts under l o cal zoning and environmental ordinances 
and are in accordance wi�h a l l  federal regulations . The thrust o f  
the que s t ion o n  the s urvey , along w i th later amendments ,  was :t o  d e 
termine from e ach refiner the expans ion cap ab i l i ty o f  current r e 
finery s i t e s  based o n  l and availabi l i ty whi l e  g ivirig con s i deration to 
factors  such as crude s upply , marke t s . for pro ducts and environmental 
limi tat ions . As to prob ability o f  obt aining p e rmi t s , a r ange o f  0 . 0  
to 1 , 0 .was used , with a r ating o f  1 . 0  being g iv en to s ites  whe re a 
refine r  bel iev.ed he. w,o ul d have no probl ems obtaining permi ts . · At 
several locations on the East Coas t , the prob ab i l i ty was as low as  
0 .  5 ;  o n  the We s t  Coast an ins t ance o f  0 .  3 was e s t imate d ;  and in the 
rest of t he Nation , there was only an o ccasional 0 . 7 .  By app lying 

* On De cemb er 6, 1 9 7 3 , the EPA p ub l ished regulati ons s tating 
that the maximum 3 month ave rage l e ad content of the total gas o l ine 
p o o l  at any ref inery wil l be l imited to 1 . 7  grams per  gal lon by 
January 1 ,  1 9 7 �  and phas ed down on a yearly basis  to 0 . 5  grams p er 
gal lon by January l ,  1 9 7 9 .  
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the probab i l i ty fact ors to the reported expans i on the following p rob 
ab le expansion  capab i l ities  o f  present refineries were determined : 

PAD D i s tr i c t  

I 
I I  

I I I  
IV 

v 

To tal 

Probable  Expans ion Cap abil ity 
of Present Refine r i e s  (MMB/CD)  

1 . 7  
2 . 5  
4 : 1  
0 .  5 
2 .  0 

1 0 . 8 

P ercent o f  January
-

1 ,  1 9 7 2  Capa c i ty 

l l l . 2 
7 2 • 0 
7 5 . 1  

l l 8 .  5 
9 3 . 2  

8 2 . 9  

Chap t e r  Three discus s e s  the incentives for  expanding cap a ci,ty 
in areas where p ro ducts ar e consumed .  I n  the s e  areas , local ordi 
nanc es and s tate  r e gulati ons such as Coastal  Z one Acts prohib i t ' 
c ons truction w i thin sp ecified dis t ances o f  the coastl ine and make 
the p os s ib i l i ty of development of marine fac i l it i �s very pnl i k� ly . 

Consumer s  on the East  Coast  w i l l  have added costs  for their 
p roducts , i f  it  i s  necess ary to s h ip fore i gn crude o i l  to the Gul f  
C o a s t  f o r  re fining and then ship p roduct.s back t o  the East Coas t .  
I n  v i ew o f  the imp ending shortfall of refined p roducts , attemp ting 
t o  fulfi l l  the shortfal l from foreign supply s o urces w i l l  impact 
more heavily on the East  Coas t consumer . 

Sp ecial  P r oblems o f  Smal l  Refine r i e s  

Sma l l  refineri e s , whether owned b y  sma l l  o r  l a r g e  compan i es , 
o ffer many advantages to b o th local  a;reas and the Nat i on . Thes �  
smal l  refineries may o ffer ·a supp ly o f  p ro ducts t o  an i s o l ated o r  
spars ely populated a r e a ,  in both c a s e s  making a s igni ficant e conomic 
contributio n  to the area . . The p o s s ib l e  'phas ing out o f  many o f  the 
sma l ler  p l ants (O t o' 30 MB/CD cap a c i ty)  cah contribut e t o. the p r o'-
j ected future shortfall  in r e f in ing capacity . The s e  refineries  
c anno t benefit £rom the  � conomi cs of  s cale as  i s  the  case with 
l arger refine r i es . In the 0 to 10  M

.
B/CD of c rude throughput c l as s ,  

there are 7 8 r e fineries  in the Uni t e d  States p rocess ing 3 1 6  MB/ CD 
o f  crude o i l . · There are 5 0 , 10  to  30  MB/ CD t hroughput class  r efin
e r i e s  p r o c e s s ing a total o f  about 1 MMB/ CD o f  crude . Some· of the 
factors creat ing p roblems which are especial ly acute for sma l l er 
p l ants are d i s c us s ed in the f o l lowing s�ction .  

Crude Ava i l ab i l i ty and Acce s s i b i l i ty 

Much o f  the c rude charged by r efineries in the 0 to 3 0  MB/CD 
throughput c l a s s  has in the p a s t  b e en made ava ilable through 
governmental p r e fe r ence r e gul a t i on or through th e ab i l i ty to ass i gn 
the r�ghts t o  thes e p refe renc es v i a  the s l iding s c a l e  p r ovi s i ons of 
the Mandatory Oil I mp o r t  Program and the Outer C.ontinental She l f  
L ands Acts . Unc ert a inty a s  to the future o f  the s e  p reference r e g -
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ulations , directionally p r ecludes inves ting in new refineries o f  
this s i z e . Mo re importantly , i f  the s e  prog rams a r e  modified in such 
a way as to l im i t  the ava i l ab i l i ty of crude , much of the refinery 
capacity in t h i s  s i z e  category coul d be come une conomic . 

Pi6duct Sp�ci fication Changes 

Since only a sma l l  p e r centage o f  r efine ries in the 0 to 30  
MB /CD category h ave the g as o l ine processing cap a b i l i ty nece s s ary t o  
increas e octane numb ers , t h e  l ates t federal regul ations fur ther r e 
s t ric ting the quantity o f  lead antiknock compounds which can b e  
added t o  gas o l ine � i l l  have a s igni fi cant effect o n  t h e  cap i tal r e 
qui rements and economic viab i l i ty o f  these refinerie s .  Where high
er s u l fur crude oil  i s  current ly being process e d ,  local  regulati ons 
restric t ing the p e rcentag e of sulfur in l iquid fue l s  w i l l  r equire 
the smal l  refinery to e i ther inve s t  capital  in' des ulfur i z at i on e 
quipment or change t o  , s.we e t  crude . Sweet crude s up p l i e s  on a world
wide . b a s i s .  at e dwindling artd where desulfuri zation i s  emp l oyed , 
p roduct unit cos t s  would increase d i sproport i onate ly t o  tho s e  o f  
larger refineries due t o  poor  economics of s cale . 

Environmental  Regulati ons 

Recently p romulgat�d feder�l ind local regul ati ons for efflu
ent water quality and amb i ent a1r quality w i l l  a l s o  force the sma l l  
r efinery t o  inv e s t  heavily i n  p o l lution control equipment re lative 
t o  total  refinery inves tment . Again , the abs ence of economics o f  
s cale and the cap abi l i ty requirements w i l l  directionally decrea s e  
the . economic a ttractiveness of refineries i n  this category . 

UNCERTAI NTY AS TO THE1 BAS IS FOR DES I GNING NEW REFI NER I ES 
' i  . 

. I n . addition to the p rob lems o f  obsoles cenc e of pr�sent smal l  
refineries a l ready dis cus s e d ,  the reg)llatory tr ends . and the lack 
of s tab i l i ty in regulations in the industry have generated an a t 
mosphere of unc ertainty that h a s  p u t  a damp er o n  maj o r  expans ions . 
P e r)lap s  the , mas t imp o rt an t  and leas t certain, o f  the fa,ctors con
tributing to . ,the uncertainty as t o  how to des ign a new, re finery. i s  
the predi c t i on o f  what typ es of crude o i l  wi l l  b e  ava i l ab l e  when 
the f a,cili  ties , ,are p l aced on- s tream .  

An adeqJ�t� , rea� �na,b ly secure , s upply
,
of ' suitab l e �r�de o i l  

is  a necess ary p art � f  the p l anning for a new r e f inery . Many com 
p anies a r e  dep endent o n  ��e availab i li ty of crude o i l  f rom o ther s , 
and even thos.e c omp anies  wh ich are s e lf- sufficien t  could have d i f 
ficu l ty i n  p roviding t h e i r  own crude o i l  to a new refinery becau s e  
o£ inadequate � r ansp o rtation and p o r t  faci l i t i es . 

iome cru<i; o i l� would �ot b e  sui tab le io r  iefin ipg i� certain 
refineries , thereby restr ict ing ' the avai l a,b i l i ty even more . Such 
factors as  s u l fu r  c an't en t and gravi ty · are important . A change . i n  
the s e  characteri s t i cs nece s s i tates a change in t h e  faci l i t i es r e -
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quired to p rocess the crude o i l . For ins tance , i f  a refinery 
could be pr ovi ded with l ow- sulfur domes t i c  and foreign crude o i ls , 
a wide r ange o f  products , i nc luding l ow- sulfur No . 6 fue l o i l , . 
could b e  produced with minimim refinery fac i l ities . On the o ther 
hand , a h i gh - sulfur feeds t o ck requires  extens ive desulfuri zation 
s t eps nece s s i tating expens i ve corros ive r e s i s tant materials  o f  con
s truct ion throughout , thus increas ing the comp l exity and· c o s t  o f  
the refinery . 

A s imi lar prob lem exis ts for heavy crude o ils . The more r e - . 
s i dual mate rials  that are left  after a tmospheric and vacuum dis 
t i llation , the more downstre am process ing faci l i t·ies  may b e  r e 
quired . Process ing the p roducts from a coker f o r  instance , t ak�s 
more hy drogen and more exp ens ive refining facil i ties  than products 
from crude di s t i llation or catalyt i c  cracking . 

Proj ections in NPC ' s  Ini tial  Appraisal · study indi c ate the im" 
portation of 1 4 . 8  MMB/CD of o i l  ( including product s )  in 1 9 &5 .  · This 
is 1 1 . 4  MMB/CD mo re . t han was impo rted in 1 9 7 0 .  The p roj ect e d  imports 
are , indeed , 3 . 5 MMB/ CD mo re t han the total . dome s t ic o i l  pro duct ion 
in 1 9 7 0 . I t  is very l ikely that the bulk o f  the incremental o i l  
imports  w i l l  b e  h i gh - s ul fur Middl e E a s tern crude (unless  political 
cond it ions l imit this source) . As shown in Tab l e  14 , almost 7 0  
p ercent o f  the Free World 1 9 7 0  o i l  r e serves are in the Middle Eas t ,  
and about 8 0  p ercent are i n  memb e r  count ries  o f  the Organi zat ion of 
Petroleum Exp o r t ing Countries  (OPEC) . Unfo rtunately , from an envi 
ronmental s t andpo int , mo s t  o f  this  o i l  i s  o f  high- sul fur content . 

The c l o s e  p roximi ty o f  other markets to Afr i can , As ian/Pacific 
and European o i ls , many o f  whi ch are l ow in sulfur , is  such that 
l i tt l e  incremental demand in the United  S tates can be exp ected tb 
b e  s at i s fi e d  from thes e areas excep t  at a h ighly comp e t i t ive p r i ce . 
Cons equently , it can b e  exp ected that the bulk of the new imp orta
t i ons w i l l  b e  h i gh in sulfur , with the medium heavy metals contiont 
charac t e r i s t i c  of Middle Eas tern crudes . This patt ern could,  o f  
cour s e , b e  up s e t b y  new dis coveri e s  o r  b y  increased ecoriomic p r e s -
sure from p roducing countr i e s . 

· 

Unt i l  fairly recen t ly , the p r incipal constraints on mos t  U . S .  
refineries  were the needs o f  the consumer , competition , economi cs 
and foreign crude import r e s t r i c t i ons . Crude o i ls in the quantity 
and of the qua l i ty required t o  me e t  the Nation ' s  demands �ere ien" 
eral ly avai lab l e .  The use o f  t echn o logy h aving h i gh cos t  or a 
high  degree o f  s op h i s t i cation was larg e ly dictated by the spe�i a l  
c i r cums tances o f  the vari ous manufa cturers . ·The typ i cal · p rime 
fue l s  r e finery cons i s ted o f  crude dis t i l l at ion units , catalyt i c  
cracking un i t s , naphtha re forme rs and downs tream treating facil� 
i t i e s . L i gh t  ends from cracking op erations were· e i ther converted 
into gaso line or consumed as fue l gas . The heavy ·ends o f  the crude 
were made into res i dual fue l  o i l  and aspha l t , the l i ght fraction 
into l ique f i e d  petroleum g a s  ( LP G )  and gas o l ine , and the res t into 
middl e - o f - th e - barrel products . O f  cour s e ,  some refineries  made 
lub r icating o i l s  and other s p e c i a l ty p ro ducts , but these are · only 
a s ma l l  fraction of refinery p roduct i on . 
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TABLE 14 

WORLD RESERVES AND PRODUCTION-1970 

COUNTRY RESERVES WELLS 

Producing 
Oil '" oil Dri l l ing 

(MB) (BCF) 7 - 1 - 7 0  1 2 -. 1 · 7 0  

ASIA-PACIFIC . 

Afgha'nistan . . . . . . . . . . . . •  9 5 , 0 0 0 *  . 5 ,ooo . 1 6 '  6 
Aus tralia . . . . • • . . • • . • • . .  2 , 0 0 0 , 0 0 0  1 2 , 6 0 0  386 li ' . Bruilei-Malaysi'a . • • . • . . . .  t;ooo-;ooo 6 , 0 0 0  592 
Burma . . • • • • • • •  · • • • • • • • • • •  4 0 , 0 0 0  8 0  4 5  10 
Camtiodia • • • • • • • • • • • • • • • •  

Ceylon • • • • • • • • • • • • • • • • • •  1 
India, • . . . . . . . . . . . . . . . . .  9 5 6 , 0 0 0  1 , 800 100 43 
Indones ia . . . . . . . . . . . . . . .  1 0 , 0 0 0 , 0 0 0  3 ,0 0 0  2 ' 136 29 
Japan • • • •  , . . • . • . . • . . . . . •  

Korea, South . • . . . • . . . . . •  

·30 ;000 5 5 0  1 , 7 2 5  . . 1 5  

Now Zealand • . • • • . • . . . . . •  226 ,000* 6 ;500 6t 2 
Pakistan • • • • • . . . • • . . . . . •  4 1 , 5 0 0  zo,ooo 1 7  9 
Philippin'es . . . • • . . • . . . • .  1 
Taiwan • • . • • • . • • • • • • • • • • •  2 0  ,000 800 51 8 
Thailand • •  : . . • . . • • . • . . • •  t48 16 1 

TOTAL ASIA-'PACIFIC 1 4 , 4 0 8 , 6 4 8  5 6 , 3-30 5 ,200 146 

*Co.ndens ate. 
tFour Kapuni wells now producing bot " no regular rate yet; tiny Noturoa 

EUROPE 
A,us'tria • • • • • • . • • • •  ; • • • • •  1 8 0 , 0 0 0  4 3 1  1 , 268 1 3  
Belgium • • • • • • • • • • • • • • • • •  

Denmark • . • • • • • • • • • • • • •  · • •  

Finland . •. • • • .  · . • . • . • . . • .  ; 
France • . • • . . • • • • . • . . • . • •  1 2 5 ,000 7 , 20 0  324 3 
Greece • • • • • • • • • • . • . • • • • •  1 
Ire1a,nd. , , , , , , , , , , , , , , , ,  1 
Italy (incl. Sicily) • • • •  . 2 2 5 , 0 0 0  5 , 0 0 0  1 36 . 1 2  
Netherlands • . . . • . . . . . . • .  2 6 1 , 0 0 0  8 3 , 0 0 0  369 7 
Norway , . • . • • .  · . . . . . . . . . • .  , 1 , 0 0 0 , 0 0 0 *  3 , 0 0 0  (t) 4 
PortJJgal . . • • . . . • . . • . . . • •  

Spain_ • • • • . • • .  .
" 

. • . . . . . . • .  8 , 50 0  2 1  
Sweden • . . • . • . . • • . . . • . • • .  

Switzerland. � • . • . . • • • . • . . 

Unite'd Kingdom • • • •  � . • • • •  · 1 ,000 ,000* 36 ,000 60 4 
West _Germany • . • • • • • . • • • •  5 8 4 , 0 0 0  1 1 ,9 0 0  3,,065 1 8 
Yugoslavia • • • • • • •  ; • • • •  , .  3 2 5 , 0 0 0  1 , Z O O  

TOTAL EU,ROPE 3 ! 70 8 , 5 0 0  1 4 7 , 73 1  5 , 243 6 7  . 
*Preliminary estimate includes North ,,, oil discoverie s .  
+To begin production ' i n .  Sp�fng, . 1 9 7 1 . 

, MIDDLE ,EAST . 
1 1 '  800 , 0 0 0  Ahu Dhab_i . . · . . . . . . . . . . . . .  

Bahrain . • • • . . • • • . • • • . • . •  634 ,000 
Dubai . • • • • • • • . • • • • • • • • • •  9 8 3 , 0 0 0  
I ran • • • • • • • • • • . • • • • • . • • •  70 , 0 0 0  ,000 Iraq· • • • • • • . • • • • •  ; .-

• • . • . •  3 2 , 0 0 0 , 0 0 0  
Israel . . . . . . . . . . . . . . . .  , . 1 2 , 9 0 0  
Jordan • • . .  : . • . . . . . . . . . • •  

Kuwait • • • . . • • • • . • . . . . . • .  6 7 , 10 0 , 0 0 0  
Leba'non. : . • . • . . • . . . . . . •  : 
Neutral Zone. , . , , , , , , , . ,  2 5 .700 ,000 
Oman, , , , ; . , , , . , . ; , , , , , ; ,  · 1 ,  100 ,ooo 
Qatar • • • • • • • • . • • .  .

" 
• .  , •. . .  4 , 3oo ;ooo 

Saudi Arabia . • . .  , • • •  , . , .  1 2 8 , 5 0 0 , 0 0 0  
South Yemen (Aden) • • • • . .  

Syria , . , ,  . •  , . •  , , ,  • • • • , , ,  1 , 20 0 , 0 0 0  
Turkey . • • • . • . • .. . • . • . • • • •  6 4 5_ , 0 0 0  

TOTAL MI_DDLE EAST 3 4 4 , 5 7 4 , 9 0 0  

*Includes captured Sinai fields. 

9 ' 5 0 0  
5 , 0 0 0  

750 
2 1 4 , 0 0 0  

1 8 , 5 0 0  
7 2  

3 8 , 0 0 0  

8 , 0 0 0  2 , 0 0 0  
8 ,0 0 0  

4 9 , 5 0 0  

7 50 
1 9 0  

354 , 2 6 2  

9 4  6 
- 2 3 2  1 . 

1 1  1 
266 1 7  
1 1 3  1 

31 2 
1 

741 1 

450 1 
5 2  1 
69 1 

4 1 3  5 
1 

90 8 
179 . 4 

.z .  862 5 5  

5 0  

OIL PRODUCTION 

Estimated 
1970 

(MB/D) 

4 6 .  8* 
170 . l  
146 . 2  

1 5 . 6  

1 39 . 0  
8 6 1 .  2 

1 6 . 3  

. 0 6  
9 . 8  

1 . 7  
0 .  3 

1 , 4 0 7 . 1  

field h .. 

5 4 . 7  

4 7 . 7  

2 4 . 5  
36 . 5  (t) 

3 .  6 

1 .  8 
14 7 . 1  

4 0 .  5 

356 . 4  

640 . 9  
76 . 8  
7 7 . 9  

3 , 7 5 3 . 2  
1 ,-5 1 7 . 8  � 3 .  0 *  

2 , 743 . 8  

485 . 6  
336 . 1  
3 5 3 . 9  ·

3 , 4 3 7 . 5  

s o .  0 
6 8 . 0  

1 3 ,634 , 5  

' 
change fTnm 

1969 

210 . 0  
8 . 0  

- 2 . 5  

- 8 . 0  
1 7  . o  

3 . 2  

. . . 
1 . 0  

6 . 1  
. zoo. 0 

31 .,7 

oilers. 

7. 3 

- 5 . 7  

- 1 5 .  5 
- 5  ;g 

(+) 

- 1 . 0  
- 4 . 5  

- 2 3 . 6  

- 6 . 7  

6 . 6  
1 . 1  

-14 . 2  
- - 0 . 6  

·. - � � .  7 

9 . 1  

7 .  5 
7 . 1  
0 . 3  

19 . 9  

4 . 1  
- 0 . 9  

1 2 .  3 

REFINING 

Cap ad ty (MB/0) 
January_! 1 9 7 1  

No. ' e���m-
refs. · Crude Cracking 

10 6 4 0 . 0  1 5 7 . 3  1 4 4  . 1  
3 126 . s 6 . 0  
1 26 . 3  5 .  0 
1 1 3 . 5  1 .  0 
1 30 . 0  1 2 '  0 3 .  7 

1 0  429 . 3  8 7 . 7  1 8 .  8 
6 2 5 1 .  2 1 06 . 5  1 5 . 0  

4 1  3 , 6 9 8 .·8 168 . 1  3 5 5 . 8  
1 2 5 0 . 0  24 . 6  
1 66 . 0  21 . 0 
4 11 5 . 1  4 . 0  
4 zos . 0  2 7 . 7  2 4  . 6  
1 1 1 8 . 0  1 0  . 0  8 .o 
3 9 5 2 . 0  34 . 4  1 4  . 1  

90 6 ,0 6 0 . 9  6 0 8 .  7 5 4 1 . 7  

1 159 . 5  1 8 . 0  1 0 . 0  
7 704 . o  59 . 1  8 2 . 3  
3 196 . 0  3 1 . 0  33. 1 
2 1 7 3 . 0  2 3 . 0  3 3 . 6  

24 2 , 5 3 3 . 8  203. 5 39 2 . 8  
3 1 0 2  .o 1 5 . 0  
1 55 .o 1 4 . 5  

36 3 , 2 3 5 . 3. 6 2 4 . 4  356 � 3 
7 1 , 39 2 . 5  8 5 . 0  1 6 3 . 9  
3 2 0 2 . 0  16 . 0  2 0 . 0  
2 8 4 . 0  2 5 . 0  1 1 . 0  
8 .  8 4 6 .-0 1 0 .  2 124 . 0  
5 236 .o 3 3 . 0  4 7 .  5 1 1 0 2  .o 2 1 . 0  1 8 . 3  

11 2 , 39 2 . 3  2 0 6 . 0  3 5 0 . 0  
3 5  2 , 5 4 1 . 8_ 3 3 6 . 6  3 2 1 .  s 

6 2 2 2 . 0  2 3 . 1  3 2 . 9  

167 1 5 ,
_
1 7 7 � 2 1 , 7 1 5 . 9  2 ,0 2 6 . 7  

2 1 6 . 0  59 . 1  16 .o 

5 .6 3 2 .  B 52 .o 8 1 . 5  
6 1 0 2 . 9  14'. 0 8 .  0 
1 1 3 2 . 0  2 7 . 0  1 6  . 0  
1 15 . 6 1 , 350 . 0  8 .  7 
3 5 0 4 . 0  1 3 . 6  1 5 4 .  5 7 . 6  
1. 8 0 . 0  

6 8 . 0  
9 0 6 . 0  4 7 . 5  
1 7 8 . 0  10 . 0  

59 . 0  2 0 . 0  3 .  5 
29 0 . 0  2 3 .  s 30 . 1  

30 3 , 1 7 1 . 7  196.9 2 3 4 . 6  



TABLE 14 (CONT'D.) 

WORLD RESERVES AND PRODUCTION-1970 

COUNTRY 

AFRICA 
Algeria; . . .  , , , . .  , • . . . . . .  

Angola (incl. Cabinda) . .  
Congo-Brazzavi l l e ,  , . . . .  . 

Congo- Kinshasa, . . . . . . .  , . 
Dahomey, • • • • • • • • • • • • •  , , • 

Egypt • •  , • • •  , ,  . . • . . . . • .  , ,  

Ethiopia. , . ,  . .  : . . . . . .  , . . 
Gabon • • . • . • • . .  · ·  • •  -. • • · · · 

Ghana. , • .  , . . . • . . . • . • • • . •  

Ivory Coa'st . . . . . . . . , , ,  · . .  

Kenya . . . • • . •  , , • , , , , . . • . .  

Liberia . . . . . . . . , . . • . . . . .  

Liqya, , . . • . . . . . . . . . .  ,
·

, , .  

Malagasay • . .  : • • . • .  , • , • • .  

Morocco . . . .  -. • • . . •  , . •  , . • .  

�lozambique, . ,  . . . • . . . . . •  , 

Nigeria . . . .  -. . . . . . . .  , ,· ,  . .  

Rhodesia . . . . . . . . . . , . • . . •  

Senegal . . . . . . . . . . . . . . .  , • 

Sierra Leone . . . . . . .  , . , . .  

Sudan . . . . . . . . . . . . .  , , , , . .  

Tanzania . . . . . . . . . . .  , , , . .  

Tunisia . . . . . . . . . . . . • • • . .  

Union of South Africa . . .  

TOTAL AFRICA 

*Government estimate, 

RESERVES 
-

Oi 1 Gas 
(MB) (BCF) 

30 ,ooo ,ooo• . 500 ,000 3 ,600 1 ,000t 1 ,000t 4 ,soo·,ooo 
700,000 1 ,000t 

29 '200.,00_0 
920 

9 ,300 ,000 

550,000 . 

74 ,757 , 520 

141 ,000 1-,ooo 

5,000 
7,000 

30 ,000 
16 

6 ,000 

1 ,000 soot 
191, 516 

tO:Ll or gas discovered but not yet developed. 

WESTERN HEMISPHERE 
Argentina . . . . . . . .  , ,  • . • . .  

Bahamas • . . . • . • . .  : . , , • . . •  

Barbados, , ,  , . . . . . • . . • .  , • 

Bolivia • . • . • . . . . . . . . • • . .  

Bra;>;il . . . . • • . • . . . • .  , , , • .  

British West Indies . • • •  , 
Chile, . . . • • . . . . . . • • . •  , . •  

Colombia . • . • . • . . . •  , ,  • . . •  

Costa Rica . • . • . .  ; . . . •  , , . 

Cuba • . . • . • . • . • . • . . .  , • .  , .  
Ecuador . . • . •  - . .  , . , • . . • . . •  

El Salvador . . . . . . • . . .  , . .  

Guatemala • . • . . . . . . • . •  , . , 
Honduras . . • • • • • • . . . . . • • . •  

Jamaica . . • . . . • . . . . • • • • .  ·. 
�1exico . . . • . . . • • . . . • . • •  , , 
Netherlands Antilles . ,  . •  

Nicaragua • . • . . . . .  , . , , . , . 

Panama . . . . . . . . • . • . . . . •  , , 
Paraguay . • . . . . • • •  , . .  · . . . .  

Peru . • . . • • . . .  , • , . . . . . • . .  

Puerto Rico • . . . . . •  .- . , . , , 
Trinidad and Tobago . :  • . .  

Uruguay . . • . . .  , , ·, . . .  _ . . • . .  

Venezuela • .  , . . .  , . . . . . . . . 

Virgin .Is 1ands . . . • . . •  : . .  
United States . • . . . • . .  , , , 

Canada . . . . . .. . . . .  .- • .  � . . .  . 

TOTAL W .  HEHISPHERE 

4 ,500,000 
750 * 

225,000 850,000 
125 ,000 1,675 ,000 
14 ,000 750,000 

soo• 
3,200 ,000 

2io ,oOo 
575,000 

14 ,000 ,000 
37,012 ,640 "1_0 '750 ,000 
73·,947 ,890 

8' 800 

s ,000 6 ,ooo 
2,000 2,800 

5,000 

10 ,000 

3,000 
3,500 

27 ,000· 
265,000 60,451 
398,551 

*Oil or gas discovered but not yet developed. 

\;.'ELLS 

Producing 
oil Drilling 7-1-70 lZ-1·70 

775 141 5 

100 

1 ,083 
52 

364 

46 

2 .  898 

_s ,4oo 

171 1 ,015 
380 2 ,171 
15 708 

·3'  127 

2 ,500 
3 , 133 
9 '364 

640,760 23,675 
692,419 

25 4 1 
1 1 9 

13 2 
1 1 18 1 

3 4 
91 

26 1 
1 

. 10 28 1 
8 5 

12 
7 

' 1 80 

6 
14 

1 ,065 141 
I ,411 

TOTAL FREE WORLD 
Cci�1MUN IST WORLD 

TOTAL WORLD 

l sl1 ,397,458 1 1 ,14B ,39o 1 708,6:2:2: I 100,000,000* 440,000t 
611 ,397,458 1 ,588 ,390 

1 ,770 

OIL PRODUCTION 
' 

Estimated change. 
197Q from No. 

(MB/D) '1969 refs. 

984 . 0  110 . o  0.  5 

328 .5 
106 .0  

3,385 . 0  
1 . 0  

1 ,000 .0  

88 .0  

6 ,003 .0 

391 ;0 

13.2 157.6 
38.3 222.0 
2 .  5 4 . 0  

72.0 
141 . 0  

3 ,690 . 0 
9 , 506 . 5  1 , 277 .5  

15,943.0 

275.0 131 . 6  -37 .5  

35.9 
7. 5 

11 .0  
-28 .5  
93 .0  

10 .  2 

36. 5  

15 .o 

·70 .9 -12 .2  

-18 .4  

5 .  5 

20 .o 
-13  .o . 

3. 3 
3 . 6  15 . 4  
4 . 2  

3 1 1 1 1 1 1 1 1 2 1 1 
1 1 1 1 1 5 

Z9 

14 1 1 
5 10 
1 2 5 1 3 1 1 2 1 1 6 
2 1 1 
1 5 ' 3 1 12  1 262 41 

386 

1 3; :1:: :: 

1 1 � : : I 

702 

I 44,910.0 16.7 
*Including Russia 77 billion,  Red China 20 b i l l i o n ,  Hungary billion,  others 2 billion. 
+Including Russia 426 trillion, Red China 4 trillion, Hungary 3 . 5  t.rillion, Poland 5 trillion. 

Used by perm1_ssion _of the Ott & Gas Journal. 
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REFINING 
Capacity (MB/D) 

.Janul!i'Y. 1 1971 
Reform-

Crude Cra.cking 
· 

ing 

4 8 . 3  1 4 . 0  33.0 

175 .0 1 3 . 4  
1 7 . 2  28 .0  1 !i . o  5 0 . 5  1 0 . 0  9 .  5 1 1 . 9  35 .0  4 7 .  0 5 5 . 0  
12 . 0  10  .o 20 . 0  30 . 6  2 2 . 5  262 . 9  

924 . 9  

456.2 
250 . o  3 . 0  
2 3  , l  504 . 6  1 6 . 0  111 . 0  137 •. 6 8 .  0 93 .0  35 .3  13 .0  26 .0 14 . o  36 .o 574 . 2  790.0 2 2 . 0  7 5 . 0  5 .  0 9 1 . 5  140 . 0  

438 .0 40 .0  1 , 526 . 1  
250.0 . 13,293 .0 1 ,450 .0 , 

20 ,421 . 6  

4 5 , 757 .0  

5 .  0 
7 . 9  

73 .5  
90.4  

232.0 

92 . 5  
32 . 5  76  .o � .  0 24.0 7.0 

102.0 497.0 
22 .4" 
22 .  7 75 ,5  
26 .5  10 .o  157.5  

8-,514.0 735.0 
10 ,S40, _2 

13 .0  2 .o 3 .o 

ts .2 1 . 8  1 : 5  6 .  5 3 . o -4 . 6  2 .0 2 .  2 2-.o 7 .  7 8 .  5 4 .6_ 
2 .0 
2 . 0  7 .  7 3 .  3 59 . 4  

152 . 1  

1 8 . 9  

39 .5 2 .o 10.0 
1 . 2  15  . 0  
i . o  2 .  0 6 .  0 1 . 6  3 .  2 ,94 .  2 

22 .0  4 .  3 7 .  5 
. . . i .  8 88 .0  27 .0  3 . o  23 . 1  15 . 0  3,065 .o . 245 .o . •  

3,696 .0 



New refineries may b e  mo re h i g hl y  speci a l i z ed .  Modern techno l 
ogy al l ows a re f inery to convert near ly a l l  o f  the crude into gas 
o l ine and middl e -o f - t he - b arrel product s , o r  conversely to manufacture 
p r ima rily low - s ul fur fuel o i l  and naphtha . In the pas t ,  t he trend d f  
gasol ine octane qual ity was. gene r al l y  upward to accommo date increa s 
ingly higher comp re s s ion ratio automo b i l e  engines . To day , there are 
many factors combining to up s e t  the o l d  a ccep t e d. p r incip l es . Sup e r 
imposed on , normal. demand g rowth a r e  influences that promo te unc e r 
ta inty a s  t o  ho.w much g a s o l ine t o  provide fo r and as  t o  what qual ity . 
The . g rowing demand fo r accessories ha,s a dded cons iderably to fuel 
con sump tion in today ' �  car populat i o n .  

Fl\rther degradation o f  fuel economy may b e  expected from add
,on ,  anti -p o l l u t ion devices required by l aws and regul ations . O f f 
�e�t ing effects are p roj ected res u l t ing from the volume o f  gaso line 
required to promo t e  t he greater use o f  mass trans it , an d smal l er 
car s , re.s tr i c t ive regulation on the u s e  o f  automo b i l e s  in certain 
areas and threat of high gasol ine t axe s . There i s  also t he concur 
rent regul atory requi rement to res t r i c t  the l ea d  content o f  gasol ines 
to accommo date ant i -pol lution devic e s . This tends to l e s sen t he 
'ef fective capacity o f  existing faci l i t i e s  t o  p ro duce gaso l ine p o o l s  
o f  hi'gher c l e ar octan e  qua l i ty .  

S imilar ly , sub s tant i a l  reduct ion of the sulfur content of g a s 
o lines from the p r e s ent l ow levels w i l l  enta i l  new p rocess ing and 
s'ul fur removal faci l i t ies . The effect w i l l  b e  higher cap i tal in
ves tment i f  this trend continue s ,  s ince gas o l ine repres ents a very 
subs tantial  p art o f  r e f inery p roduc t ion . 

I f  a l l  of the factors were we l l  d�fined , the net effect could 
be p roj ecte'd· with reas onab l e  certa inty , and p lanning could proce e d ;  
but the deve lopment o f  r equi rements o n  a p i ecemeal b as i s  has 
promp ted .  the indus try to move s lowly so as  to avo i d  making prema 
ture . dec i s i ons . 

Thes
.
e factors are i l lus trative of s ome of the current in

:f lu.ences exer�e.d by r egul a tory res t r i c t i ons on what mus t  be manu
facture.d in the r e f inery . I n  add i t i on t o  changes in gaso l ine r e 
qui n;men ts , . t.here i s  a l s o  t h e  s omewhat mo.re n.ormal trans i tion o f  
energy us ers .from .one typ e of fuel t o  another . The pres sure o f  
env i ronmental res traints requires  t h e  u s e  o f  low- sulfur p e troleum 
o ils in p lace of fue l s  whq s e  emi s s ions are more cos t ly to contr o l . 
The s t arting po int in the new ref inery p l anning pro�e s s  mus t certain
l y  be a good evaluation of t he type and qual i ty of p ro ducts required 
to :f i l l  the proj ected demand in the ma rketp l ace from available crude 
oils . This b e comes incre a s ingly di ffitul t w i t h  the increased i n 
vo lvement o f  lo cal , s tate and Federal Government (through regul atory 
agenci es )  in the energy field . 

Current and future refineri es mus t meet increas ingly s tringent 
requirements , e s p e c i a l ly ih the s ul fur cont ents of fuels . The p r e 
c i s e  d i s tribution o f  demand for p r oducts o f  different qua l i ty (with 
regard to su lfur)  i s  s ti ll l arg ely ·undefined· s ince the environmental 
laws in the var i ous p o li t i c a l  s ub d iv i s i ons vary cons iderab ly . Thus 
a Priority - 1 Air Qua l i ty Contr o l  Region ( f or sulfur oxides)  may r e -
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quire the marketing o f  r e s i dual · fuel of not mo re than 0 .  3 p er certt • 
sulfu r  in one s tate , whi l e  in ano ther there may b e  no s t ated r e -< 
s t r i c t i ons on sulfur in fuel . 'In ·some areas , the r egulations• are: 
b a s e d  on the quality of s tack emi s s ion� rather than the s ulfur · cnn 
tent o f  fue l .  This p l aces the onus o f  me et ing · the regulations up on 
the consumer ;  who mus t  emp loy an ·adequate techno logy , and may ·at 
times aggravate environmen t a l  p rob lems in ' other was-t e  disp osal areas 
in the proces s . I t  s t ands t o  reason , however , that even in .t-h e s e  
ci r cums taric e s ,  the consumer may s e e k  ·to meet the emi•ss ion r equi•r e 
ments through the grade o f  fuel bought , i f  the economi cs o f  do-ihg' 
s o  are favorab l e .  I t  i s  evident that this places  the refinery in 
a p o s i t ion of unc ertainty as to wha t the market may -require . The 
p rudent cours e in the initial phases of the p'<i.ttern ·envolving over 
the · l a s t  few years has b e en to wait unt i l  al- l  the fa'cts -were ihi b e
fore committing to large s c a l e  expan s i on ,. p a:r't i cular-ly s·irice iri:"· · 

ves tments are larg e .- ·This may well  ac count in :p art ,· f or' t-he .p-r'es•-
ent d earth of · new refinery construction . ' '  

I . . , , · , . " · ·  : . .  . ,' _: i ; , 
. Tab l e  6 1  in _Appendix F ,  t aken from the report p repare!:! ,fo .r t)le 

Environmental P rotection Agency ' s  Office of Air, P;rcigr·ams hy t_h:e . .  _ 
Mitre Corporation,  enti t l e d  A n a l y s i s  of Final' State Imp l e-men ta t i on 
P l ans--Ru l.e s  and Regu lations , s hows East Coas_t r e s i dual fuel o i l  
antici-pated sulfur. s.p eciffcati ons . . I t  sho'uld. b e  note,d ,  'ho}veve r., , , .  
that the EPA may impose in ore s tringent res tri,ctiohs if the regp:l'a c  ' . . . ' - . .  I . ' - .- ' . - .. , • 

t i ons enacted by the s t ates fail to achi eve arid. maintain· ambient , ,  
a i r  qual i ty obj ectives . Unt i l  the target dates fo;r .  p,ri/fiary · ari<i , ·_ '  
s econdary obj ectives have been p a s s e d ,  there w i l l  contiriu� · to b�- · 

unc e r tainty as  to .whether p roduct specifications . qm , be  considered 
firm.  

· · ' 

; · : 

The uncertainties' o f  environmental matter•s· are -made esp'eci a'lly 
di fficult by the fact that very few c l ean - up p rocesses '{s uch a:S' 
s t ack _gas treatment)  h ave b e en commerci a l ly p r oven . Many proce s s es 
h ave not · even had a -r ea·l conimercia'l ·t·ri al,' nitich l e s s  operating ex
p erience of a year or mor e .  In addition,' ·many ·of -th'e proc·e s s e's ' .imay 
requi r e  ·va s t  ainounts of limes to'ne and dolomite· 'over a p e r i od' o'f' ' · ' 
y ear s . The s e  rna teria1 s  neut-ra1 ize o r  p r ecip i tate · ·out· s-ul'fli-r come: 
p ounds that mus t then b e  · disposed  o f .  I f- . such a p ro ce s-s is  u·sed';J 
many acres of land mus t b e  p rcwided to accumulate the 'waste '. · ·  ThUs , 
a s o l i d  waste p roblem may b e · subs tituted for an a i·r p o l lution p'nib -
l em . i f  such a process  has' w i despr ead us e .  · ' ' · · · 

· ' '  . 

At p re s ent , many compa!li.es are. trying t o  come .,  up ' with bett.er 
technol ogy . to r eriiove · s u l fur oxides' and particulat e s  from · s:tack : . 
gases , whi l e  a t  the s ame t-ime being concerned about Whe.the'r' s Rin� . 
ent i r e ly di fferent p ro c es s w i l l  have to b e  ins t a l l e d  t o  meet the 
requi r,emen ts  for nitrogen ox ide removal .  ThE;r.e i s  c:onc;e.rn , that all  
the  . mo'ney being sperit on  su l,fur compOun!:ls will have been. i'ri, yairL 
becaus e o f  new requi r ements and other changes .in regulat ions·  . . · 'The 
cuir.ent s t ate o f  the q,r t for desulfur i z atiori o f  s ta,ck . g'a's is: , stiin -., 
mar i z e d . in App endix F ,  Tab le 6 2 .  · The proces s e s .  desc:ribe.d eml:Jody , 
some 2 0  te chniques . t o red.uc e  s·ul fur in fina) ga,s e f.Uuent,s , rep;- · ,· 
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r e s entat ive o f  mor e  than 5 0  ident i f i ab l e  proce s s e s . *  Tab l e  6 3  Ln 
App endix F s hows a suppl ementary AP I tabulation which conta ins in
formation on s ome addit ional propri etary processes . t  To date , all  
o f  the s e  proce s s es which would fac i l itate the  handling of high - sul 
fur fuels whi l e  me eting environmental requirements mus t  b e  cons i d 
e r e d  t o  b e  under deve lopment . 

The comp e t ing t e chnology ( cataly t i c  desulfur i z ation)  has b e en 
i n  practice for the p a s t  two decades on l i ght and intermediate b o i l 
i ng range dis t i l late fue ls .  T o  mee t  the eme rging environmentll 
regul ations , in the abs ence of adequate s tack gas treating techn o l 
ogy , and as s uming the ava i l ab i l i ty o f  a prep onderance of h i gh - s u l 
fur import  crudes , t h e  refiner may w ant t o  cons ider the desulfur
i z ittion o f  res i dual  fuels as one o f  the avai lable  alternat ives . 

E conomic and adequate re� i dual desulfuri za t i o� i s  s t i l l  in 
e ar ly developmen t .  In this proces s ,  the l iquid hydro carb on is con
tacted with hydrogen in the presence of cat alys ts under condi ti ons 
of high pres sure and temp erature . Many reactions can and do occur . 
Each p rocess  s p e c i a l i z e s  in accomp l i s hing a specific typ e of treat
men t .  For  ins t ance , s ome hydrocracking w i l l  occu r .  This reac t i on 
is  the result of cracking larger mo l e cules  t o  smaller  ones and add
ing hydrogen at the s ame time . I t  results  in the formation of ma 
terials o f  l ower b o i l ing range , lower v i s cos i ty and , in general , 
l oWer c o l o r  leve l . Such materials  vary fr6m methane (natural g as )  
and other l i ght and l iquefi ed p et r o l eum gases  to gaso line and fuel 
o i l s . The s e  p ro ducts are more valuable than the original heavy 
b lack res i dual feeds tock ; however , they result in the usage of 
large quant i t i e s  of hydrogen and require costly catalys ts . Pro 
duction o f  v ery l ow - sulfur fue ls by res i dual des ulfur i z ation is 
very expens ive b e cause of the above features . 

The desulfur i z ation of fuel may b e  e i ther b y  a direct process  
in wh ich the res idual mater i a l  (from e i ther a preliminary atmospher
i c  or vacuum di s t i l lation) · is  treated in a direc t ,  o r  an indirect 
process in which d i s t i llate fractions o f  the res i due are treated 
and are b l ended b ack into the res i dues . It  i s  g eneral ly accep ted 
that desulfur i z at i on of fractions o f  the crude containing more than 
about 1 5 0  parts  p e r  mill ion (ppm) o f  heavy metal s is uneconomic b e 
cause o f  dep o s i t io n  o f  metals o n  the catal y s t  i n  the proces s .  Henc e ,  
direct desulfur i za t i on i s  only adopted when ( 1 ) the final fuel o i l  
mus t  be l ow in sulfur o r  ( 2 )  the •feedstock contains a very larg e  
amount o f  su l fur and the res idue t o  be desul furi zed cohtlins a very 
l arge amount o f  sulfur and the r is idue t o  be desulfur i z ed conta ins 
l e s s  t han about 1 5 0  ppm o f  heavy metal s . 

A numb er o f  processes  flre o n  the market which can reach a 
sulfur leve l o f  1 p ercent or l e s s  on the l ight kerosine and heavier 

* Hyne , Dr . J .  B . , "Metho ds f o r  Des ulfur i z at i on of Eff luent 
Gas S treams ; "  Oi l  and Gas JoUX'Ylal , Augu s t  2 8 ,  1 9 7 2 .  

t American P etro l eum I ns t i tute ' s  Divis i on o f  Refining , "Sum
mary o f  Desul fur i z at i on Processes for Flue Gas and Claus Unit Tai l 
Gas . "  P ap er p r e s ented a t  the 3 7 th Midyear Meeting of the AP I ' s  
Divi s ion o f  Refining , New York , May 9 ,  1 9 7 2 . 
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fuel oi l when charging a Kuwait typ e crude o i l .  When dis t i ll a t e  
fuels a r e  comb ined w i t h  the heavy fue l ,  t h e .  s ul fur l evel may b e  
l e s s  than 0 .  3 p e rcent . Kuwa i t  crude o i l  is usua l ly cho s en for p'i l 
o t  work b e caus e i t  has a fairly h i gh - sulfur c ontent and the content 
of he avy metals is comp aratively low . Becau s e  the heavy meta l s - 
p rima r i ly nickel and vanadium- - ar e  deposited  on the catalyst and 
gr adua l ly des t roy i ts activ i ty , they determine the s i z e and numb er 
of reactors required and l imit the l ength of runs b e tween cataly s t  
rep l acements . Such factors weigh h e avi ly in the overall cos t o f  
res idual fuel oil desulfur i z ation . 

If the res idue i s  very high in me·tals , p r e l iminary proce s s ing 
s t eps such as coking may b e  necess ary before desulfuri zation . This 
o ften creates the .concomitant p rob l em o f  disp o s i tion .of high - sulfur 
coke . There i s  cont inuing res earch in this field , including ex
p loration of the us e o f  pre treating s teps t o  remove me tals , cat
alys t deve l opment and mo dification o f  op erating condi ti ons ; but the 
p r e s ent s tate of the art is l imited by the factors no ted .  Tab i e  
6 4  i n  Appendix F s hows average metals i n  maj o r  petroleum products . 
Table 6 5  s hows the s u l fur and. nickel plus vanadium content of s p e 
c i fic  Middle E a s t  and reduce d  crude s . Tab l e  6 6  shows processing · 
s equences for the mo s t  economical p ro duc tion o f  low- sul fur fuel o i l . *  

To day ' s  technical l i te rature cont ains many referenc es to desul 
fur i z a tion techno l o gy . One especially app ropriate s o urce i s  "A .Spe
c ial Report - -Hydro desulfuri z ation T echnology Takes on t he Sul fur . Chal 
l enge , "  by Leo Aalund , in the September 1 1 , 1 9 7 2 ,  O i l  and Ga s Jour
na l .  The report gives up dated evaluation of commercially' ava i lable 
proc e s s es for direct and indirect desulfur i z at ion o f  fuel Dils  and 
d i s t i l lat es . A s ummary o f  the proce s s e s  covered is  s hown in Tab l e  
6 7 ,  Appendix F .  

In the foregoing evalua t i on , the �nt icipated growth in the 
d emand for p e trol eum pro duct s  by 1 9 8 5  has b een discus s ed broadly . 
Th�_ factors that make i t  difficult to conduct e ffective planning - 
unc erta inty as  t o  required produc t qual ity ; shortage o f  environ
mentally des irab l e  crude o i l s ; changing regulatory requirements 
affecting b oth quality and demand for speci f i e  pr oducts ; and the . 
growing restri ctions r eg arding _ l ocation,  makeup and op erat ion . . of 
n�w f a c i l i t i es - - have b een �ent i oned as inhibit ing factors dis 
couraging the sho'r t - term p r ovis ion o f  new r efin ing capacity .  The 
s pe·cial  problems o f  small refineries have ,b een mentioned bri e f ly ,  
as the s e  coul d i ncre a s e  the need for new capacity dtie to acce l 
erated obs oles cence and phas ing ou·t o f  unprofit ab l e  p l ant s . 

I n  the final analys is , · the individual crude . supp ly ; market  
req'ui rements , envi r onmental factors and company l o g i s t i cs will  de 
termine the locat i on and typ e of faci lit i e s  buil t .  Only when the 
combined factors g ive a fcw.orah le economic picture w i l l  new refine r i e s , 
des i gned to meet _ th e  ever- gr owing demands of a mus hrooming s o c i e ty,  
b e  p l anne d ,  cons t ruc.ted and put into op eration . Only when more of 
the unknowns in the equation are defined, and a cohes ive �ational 
energy pol icy is adop ted and imp l emented , can this b e  done with cer
t ainty so that the country ' s  needs :for ·energy from petrol eum - re lated 
products will b e  s at i� f ied in the amount and at the t ime neede d .  

* N e l s on ,  W .  L . , Oil and Gas Journal , · July 3 1 , 1 9 7 2 .  
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REF I NERY REQUI REMENTS • RESPONS I VE TO ENVI RONMENTAL NEEDS 

A high d�gree of . industria l i z ation ,  a growin� p opula tion and a 
continued concentration o f  people  in urban areas are thr e e  obvious 
chara c t eri s tics  o f  the American s o c i ety in the early 1 9 7 0 ' s .  They 
are a l s o  factors whi ch have combined to make p o l lution o f  the env i 
ronment a maj or prob l em o f  our t ime . Americans , who have l ong 
taken for granted the increa sed material • benefits derived from 
higher rates o f  energy consump ti on , are now b ecoming aware o f  the 
p o tential con£1ict b e tween energy requirements and env iro nm<;"nta l 
g o � l s . ,Both high energy consump tion rates and s a t i s factory ma inte
nance o f  environmenta l s tandards are p.o s s ibl e , but only .through 
deal ing effectively with the total envi ronmenta l ,  social  and ec.o 
nomic _ sys t,<;"m,. 

The p e tr o l e u� ; indus t�y ,  
. 
in p articular , is _caught up in the 

energy- envi ronment cofi f l i ct b e cause of i ts special  r o l� in the ove r 
a l l  energy p i cture . Demands for petroleum p roducts o ften fluctuate 
Widely and have : o f late increased a l armingly , - due to the fact that 
they • can supplement the short fal l in any other energy sector of our 
economy . O i l  in e ff e c t , acts as a "swi]'lg" fuel . Production , trans 
portation and refin ing o f  petr o leum ,  as with other forms o f  energy , 
present special  envi r onmental confl i cts . 

The p e troleum industry has b e en dil igent in at tempting to define 
and . to take, s t eps in - corre cting prob lems that p o s e  envir onmental 
hazird� • .  The indus try ' s  concern has b een wel l - documented in a s tudy 
�a�e b y  the Nat ional Petrol eum Council  enti tled , Env ironm�n ta l  Con 
� .��a t i o n � -Ph� O i l  and Gas I�du s tri es , wh ich was r e l e a s e d  in . 1 9 7 1 .  
Cort currently , the dwindl ing s upp l i e s  o f  domes tic energy res ourc es 
have b e en rece iving incre ased attention , not only from . the petroleum 
in�ys try, bui . al s o  from the government . . Th � s  matter has � e en ex
amine,cf �ri detai l ,  b y  the . National Petroleum Counc i l ' s  U . S .  Energy 

.Ol!i:iqok !! tudy released  in Dec�mb e r  1.9 7 2 .  

. . Th� · efi��gy � s t�dy , s0�p iemented by b t�er reputab l e  inves tiga
tion$ , : 6as c qri� lus ive ly s hown that our Nation wi l l  ' b ecbme increas . 
irt� l� d���pd�nt ori imp6rts of crude o i l  and/�r firii s hed produ6ts . 
S i!)ce , imp o r tation o f  fi!)is hed products means exp()rting emp i oyme,nt , 
wi th . i t � . increased  burden upon an a lre,ady un�avo rab l e  b a l anc e o f  

. tr<ide , one , conclus ion. whi ch many have reacli.e,d · i s  .. that imp q r t ing · 
cr�de i s . to be p r efefred over imp orting finished products : 

, Th� desire  to . minim i z e  pro duct imports  frqm abroad , focus e s . 
a t t ep i ion · upon . t.he s hortage of domes t i c  r efinery capa c i ty .which 
rtow ' exists , and �hich pioj ecti on� indicate w i r r :beco�e mo r e  acute . 
This ' s hortage i s  .dramat i z ed ' by the fact that the Univer s i ty o f , 
Texa i ,  lqc<ited i n  t he heart o f  qur Nation 1 s  c r0d� - supp iy ,  p o s tponed 
op �ning its s econd s emes ter i!) 1 9 7 3 by one week because of nonavaj l 
ab :l l � ty of fuel _ o i l .  Wher eas unacc eptab l e ,  returns o n  inves tments 
have had an inhib i t i ng economic influence qn new refining c ons truc 
tion,  a s  addr e s s e d  in o ther s ec t ions o f  this ' repor t ,  envi ronmenta l 
factqrs have p l ayed a s i gnifi cant r o l e  in contributing to r efinery 
capacity s hortages exis t ing in our country . 

· 
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The principal environmental factors which have had inhib i ting 
influences on the expansion of domestic  t� finery tapac i ty are : · 

• Ava i l ab i l i ty o f  crude o i l  for re finery charge s tocks 

• Avai labi lity of deepwater p o r t  fac i l i t i e s  

• Avai lab i l i ty of r efinery s i t e s  

• Uncertainties reg arding technical and ' economic problem s , . 
especially tho s e  requ i r ing qua l i ty o f  air and water efflu 
ent from refineries 

• Unc ertainties r egarding the pres ent and propos ed �nvirciri 
men tal regulat ions which r efer t o  qua l i ty o f  refined p r o d 
ucts , particularly g a s o l ine and fue l  o il s  

• Uncertainti es r egarding the g overnment and/o r  environmental 
agencies approval t ime and the necessary t ime to p lan , eng i 
neer and construct new o r  modified refinery taci litie� . 

Ava i l ab i l i ty o f  Crude O i l  

Basic  t o  any r efinery construction i s  t h e  a s s urance of avai i -. . ' 

ab i l i ty o f  suitable charge s tock o f  known qua l i ty and as sured s t a -
b i l i ty o f  supply for a reasonab le p eriod  o f  t ime . Well -meaning but 
p e rhaP s ovetly zealous titi z en groups have interfered with sup� l i e s  
o f  �va ilable or potentially available crude o i l  t o  refineries . 

Probably this " interference" has manife sted  itself  prima r i ly 
in �he ava i lab i l i ty o f  dome s t i c  crude o i l . For examp l e ,  reserves 
of crude o i l  in the Nor th Slope of Alaska have been e s t i�ated io be 
more than 10  b i l l ion barrel s ,  a vo lume whi c h  is  equivalent to about 
one- third of the known res erves of the lower 4t s tates : �ill ions 
of dol lars o f  idle cap i tal have r e sulted from c i t i z eri c6urt ��f ions 
and o ther delays in ob taining p ermi s s ion to produce and ciove this 
o i l  to market through a new p ip e l ine . All this h�s been done in 
the name o f  environmental conservation , even though the p ipelirie 
would be bui l t  and operated within s trict ' environmental l imita t i ons . 

Thes e  dormant r e s erves have not only dra ined money from p o s s i 
b l e  u s e s  i n  o ther ventures , such a s  expanding r ef inery capac i t y ,  
but h�ve increas ed our Nation ' s  dependence on imports  from outs ide 
o f  the Uni ted S tates , with a ttendant penalties  on nati on�! s ecut{ty 
and ba lanc e of trade . The Nation canno t afford to al low such r e 
s ources t o  remain unu s ed indefinit ely . Yet  even und�r the mos t  
optimistic  predictions , i t  wi l l  be s everal mor e  years before sup 
p l i e s  o f  this high qua l i ty c rude o i l  move from the Alaskan Nofth ' 
S l ope to domestic  refiner i e s . 

Surveys have indi cated the p o t ential for large quantitie� of 
c rude o i l  and natural gas  lying b eneath o ffshore waters surrounding 
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our continent . However , many areas o f  the continental shelf  o f  the 
United  States remain undeveloped o r  underdeveloped b e caus e o f  en 
vironmental concerns . As detailed in earlier s tudi e s , inci�ents o f  
blow- outs , though widely pub l i c i z e d ,  have been extremely rare com 
pared to the numbe r  o f  offshore wells  drilled . The s e  few unfo r tu 
nate inci dents h ave cau s ed the indus try to fur ther empha s i z e  the 
neces s ity for more v i g i lant protective and prevent ive measures wh i ch 
are now commonly b eing app l i e d  to new offshore developments . There 
is a need and an increas ingly impo rtant j us t ification for res truc 
turi ng the rigid  constra ints whi ch are now s lowing o r  preventing 
·development o f  o ffshore o i l  and gas p o tential . 

Availabil i ty o f  Deepwater Port F aci l i ti e s  

Wh i l e  domes t i c  reserves need to b e  deve loped to their fu lles t ,  
the need w i l l  s ti l l  exi s t  for suppl emental quan t i t i e s  of crude o i l  
from other countr ies . The s a fe s t ,  most  e ffici ent and e conomical 
method of transpor ting these needed volumes is through the use o f  
very l arge crude carriers . (VLCC ' s ) , del ivering t o  refi.nery cente r s . 
Effect ive use o f  VLCC ' s will  require the cons truct ion of deepwater 
ports , l6cated j us t  offshore , w i th p i p e l ines del iver irig supp l i e s  
from the s e  superports to refineries l ocated onshore . 

All o f  the U . S .  unlo ading ports are now located a t  the 
s ho r e l ines , in rel at ively shallow water , and are unab l e  to accommo 
date VLCC ' s .  Do cumented evidertce s hows that mo s t  s p i l l s  from t ankers 
occur a t  o r  near the s e .  conges te d  unl oading ports . Such s p il l s  ·ad 
j acent to l and areas are difficu l t  t o  c l ean up b efore p o tential 
prob lems with c o as tl ine · contaminat io n  develop . Superports offer 
a numbe r  of envi ronmental · advan t ages , such a s  minimiz ation of occur 
rences o f  acc i dental s p i l l s  and their effects on shore l ines , l e s s  
frequent s h ip movements and greater maneuver ing abil i ty at remot e  
dis t ances from l and . L ikew i s e , Supertankers with compartment�d 
cargoes and with highly trained crews , al ong with sophisticated new 
navigation equipment and s afety developments , o ffer envi ronmental 
a dvan.tages over mo r e  frequent movements of o l der , smaller  ves s el s . 

Unfo rtunately , des p i te the recommenda tions o f  various authori 
t i e s  and informed groups , such as  the  Corps o f  Engineers , cons t ruc 
tion o f  s uperports  ('and consequent ly , s upertankers ) has been de l ayed , 
g enerally be caus e o f  res i.s tance o f  s tate gove rnments off whos e  s hores 
the ports would b e  locate d .  Pos i t iv e  act ion o n  the part o f  the F e d 
eral Government i s  needed t o  formula te p o l icy whereby the goals o f  
th.e coas tal s tates and ·the welfare o f  the Nat ion ' s  population as  a 
who l e  might mes h  in a mutual ly accep tab le s olution to this pre s s ing 
need . 

Avai l ab i l i ty o f  Refinery S i t e s  

I n  addit ion to the obvious n e e d  f o r  ava i l ab l e  l and , two key 
factors are important in s e l e c t ing ref inery locations : ( 1 )  conv e c  
n i ence o f  location and ( 2) a means o f  supply for crude o i l  and , in 
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s ome cases , natural gas . I n  gene r a l , this means a l o cation adj acent 
to or near a deepwater port and a locat ion near marke ting centers  
for re fined p roducts . 

The requ irements relating to land use , construction and o p e r 
a t ing p ermi t s  and o ther environmental cons i derations have seriously 
l imited and delayed s i te s e l ection for new p l ants . Environmental 
i s sues and res tric tive emi s s ion r equi rements have del ayed or actually 
p revented new refining cons t ruct ion . Of more concern than the d i f 
f i cu l ty o f  complying with the s e  requirements a r e  the ins t ances where 
propo s ed refinery cons truct ion - - after comp l e t e  comp l iance wi th fed
eral , s t ate and local requirements - - is  halted by c i t i zen group court 
a c t ion . 

· 

Expans ion o f  exi s t ing p l ants genera l ly presents fewer problems 
than construct ion o f  new p l ants , a t  l ea s t  as far as del ays relat 
i ng to environmental is sues are c oncerned . Howeve r ,  maj o r  mo difi 
cation o f  exist ing plants wi l l ,  in genera l , requ ire meeting new 
s ource s tandards and wi l l  involve the s ame red- tape delays as now 
ex i s t  for new p l ant cons truction . Expansion o f  exi s t ing p lants i s  
a l s o  prohib ited i n  s ome cas e s  b y  l and ava i l ab i l i ty . Many exis ting 
p l ants were built  with ob s o l e te techno l ogy , making them economi cal ly 
unattract ive to exp an d as compared to buil ding comp l e t e l y  new 
fac i l i t ies . 

Despite  the rigorous em i s s ion s tandards for b o th water and air 
that refineri e s  mus t meet now and in the future ,  r e s i stance to con
s tructing p l ants in a g iven location i s  s t i l l encountered in many 
areas o f  the country . I t  i s  b e l i eved that as the pub l i c  b ecomes 
more aware o f  the . exc e l l ent perfo rmance of modern refineries from 
a pol lution control s tandpo int , such res i s tance toward pl ant l o C a 
t ion w i l l  dis appear . 

Envi ronmental Cons iderations 

The s ituation with regard to air and wa ter qual i ty from r efin 
e r i e s  i s  s imilar  in that the national contribution o f  refine r i e s  is 
not l arge . Among the many s teps th e petro leum indus try has taken 
to reduce p o l lution in the . areas of air , water and no i s e  and l ight 
are : 

• Air Pollution Contro l 

- - Greater u s e  o f  l ow - s u l fur fue l s  and sulfur re covery p l ants , 
inc reased capac i ty to des u l fur i z e  products , development of 
new pro c e s s e s for removing s u l fur oxides from s tack gases 

- - Control of hydrocarbon em i s s ions and odors by floating 
roofs on s to rage tanks , mechanical  s eals  on pumps , c l o s ed 
sys tems t o  recover vented vapors 

- - Reduct ion of p ar t i culate  emi s s ions by smoke contro l s , 
e l ectros tatic precipitators and cycl one s eparators 
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- - Specia l furnaces . to burn g a s e s  conta ining c'arbon monox ide 

-·-Air qua l i ty monitor ing instrument s .  

• Water P o l l�tion Contro l 

- -Expans ion o f  water reuse sys tems and increased us e of air 
coo l ing 

" -Mul t ip l e - s tage e ffluent treating to remove o i l  and other 
was tes , bib logic�l treatment to r�move or�anic material 
which might b e  harmful to mar ine l ife 

- - Des igning and remodel ing o f  facil i ties to minim i z �  the 
po s s ib i l ity o f ·  o i l  s p i l lage , c lo s e r  surve illance of o i l  
trans fer Operations . . 

• No i s e  and Light Pollution Control 

c !Use o f  s i l encers and o ther dev ices to ' reduce noise emis 
s ions 

- -Use • o f  l ow - l ev e l , shie lded · and smokeless ·  incinerators to 
reduce s moke , g l are and no is e from f l ares . 

Future new refiner i e s  will  incorporate many of the current 
emi s s ion and · effluent cOntro l s ys tems together with · newly developed 
pro c e s s es . Environmental s tudies at the s i te will  begin b e fore 
construction to e s tab l i sh · and document the preconstruction condi c  
tions . ·  The s e  s tudies wi l l  a l s o  s e rve to antic ipate any po tential 
adver s e  impact  on the fac i l i t ies and to permi t revis ions · o f the de 
s ig n  to minim i z e  o r  e l iminate th is impact . Thes e  s tudies w i l l  b e  
cont inued through the ini tial  period o f  operat ion to document the 
suitib i li ty o f  the p o l lution contro l facil ities  as they are des igned . 
Wher e  appropriate , b uffer z ones w i l l  b e  provided to is o late oper
ating units from s urrounding res i dent i a l  o r  recreational areas . 
P�ripheral l ands caping w i l l  be us ed to improve the refinerj • s ap -
pearanc e . • 

' · · · 

Ex i s t ing ref ineries e i ther are a l r e ady in conformance with 
•amb i en t  ' air qu� l i ty s t andards o r  w i l l  be under legally b inding 
schedu l e� for ins t a l l ing the nece s sary e qu ipment . Further , rational 
evalua tions have s hown that many of the pres �ht refineries can b e  
expanded and t h e  neces s ary new refineries  c an b e  b u i l t  whi l e  
achiev ing a s at i s factorily c l ean environment , I n  o rder to me e t  the 
goal 'of �xpanded energy s uppl y ,  it is e s s ential that the emis s ion 
s tandards imp o s e d  b e  real i s tic . As z ero e� i s s ion levels are ap 
proache d ,  c o s t s  and operating prob l ems �end t o  b ecome exces s iv e ,  
often wi thout · measurable b enefit to · th e imvironment and often w i th 
attendant was t e  o f  res ources . · 

· 

' The need for  p ro t e c t io n  o f  the environment has received a great 
deal o'f ' a ttention- "'measured by actual inves tment - - fr6m the petro l eum 
indus try , · The results o f  a recent API survey' s how that the · indus try 
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,is curr,el).tly sp1ending , a!). av,er!lg.� o f  $ .3 .  3. !Jlilli o n _  d.a:i.J.y to protect 
the environment . E s timated f igures for 1 9 7 2  ind i c at e - that env iron
mental expenditures will total  $ L 2  b i l l ion , of whi ch more than 
$ 1 . 0  b i l l ion is committed for air  and water conservation . The re 
ma inder goes  toward l and and res toratio n ,  s o l id was te dispo� a l  and 
no i s e  control programs , Thi s  exp enditure is approximately $ 0 . 2 5 per 
barrel o f  . crude refined , 

. I n  cons ider ing air and water effluent contro l f rom refiner ies , 
a review · of current national goals , a l ong with government polic ies 
and regula t ions , should a� s is t  in understanding the pres ent - day 
s i tuation . 

Water Quality 

The nat ional pol icy toward water quaiity , as  declared b y  
Congre s s  i n  the Water Qua l i ty S t andards Act o f  1 9 6 � ,  . .w a s  t o  recog 
ni z e ,  prese rve and protect the primary r��poris i b i l i t ie s  and r ights 
of the s ta t e s  in . prev'enting and contro l l ing water p o llution . How
ever, recently enacted l e g i s l ation may require fuither def initi o n  of 
the s tate ' s  role in imp l ementing water qual ity s tandards . I ri Oc 
tober 1 9 7 2 ,  Congr e s s  pas s e d  l e g i s lation over a Pres idential  v e to 
containing comprehens ive amendments to the Federal Wa ter Pollution 
Ac t .  Pres ident Nixon had vetoed the b i l l  (S - 2 7 7 0 )  b ecaus e o f  what 
h e . t erme d  " i t s  uncons cionab l e  price tag" of $ 2 4 . 6  b i ], l ion, which 
dwarfed the o r iginal adminis trat ion reque s t  for $ 6  b i l l io n .  The . 
maj o r  provi s ions o f  the new b i l l  include : 

• 

• 

• 

• 

.A July . l , 1 9 7 7 ,  deadl ine for ins tali a t io n : of . ' ! t.he b e s t  pl'ac 
ticab l e  . . contro l t echno logy" currently .ava i l ab l e  for . .  indus -
tri a l  e ffluents 

A July 1 9 8 3, d eadl ine for the us e of "be s t  
'
available .tech � 

. no l o g y  economica l l y  achievab].e"  for indus trial  s our.ce s  

The development of natio.nal s tand<trds for minim i � ing ;po l.
l u t io n  in e ffluents frorri industrial p lants fa l l ing in , 2 7, .  
d i fferent categories 

· · 

The adcl i t:L o n o f  "hazardous ,materials " to the s e ction o f  . .  the 
l.aw prohibi 1;i.ng the dis charge of harmful quantit ies ,o f  o.il ' 
and the extens i on o f  l i a b i l i ty for the .cleanup o f. such di,s 
charges 

• c·reation 'o f  a compreh ens ive· nat ional permit pro,gr.am for. con 
. tro l l ing the dis charge o f  p o l lutO>nts 

e Declaration of the nat ionai goal to b'e the el im inat ion :Of 
d i scharges of p o l l u tants into navigab l e  waters by 1 9 8 5 ;  

, The new Federal ,Wat.er :Po l lution Contr o l  Act Amendments of 1 9  7 2  
provide the above . r,equiremen t s  as · a . minimum . for indus t.r�al pl al)..t!), . 

: However ,: the rec;eiv ing .Wil ter  quality w i l l  preva i l . The Environ,c, : 
mental Protection Agency has been obtaining informat i o n  to be us e d  
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in e s tab l i s hing levels o f  "b e s t  practi cab l e  control technol ogy" for 
various categories  .of indus trial p l ants including petroleum 
refinerie s . 

The definition o f  "bes t  prac t i cab l e  contro l techno l o gy" s houl d  
b e  based o n  contr o l  methods that are ava i l ab l e  and economically 
prac t i cal and proven through ful l - s ca l e  app l ication over a cons ider 
ab l e  period o f  t ime . "B e s t  ava i l ab l e  t echno l o gy "  i s  sub j e ct to · 
chang es in definition at any t ime , b a s ed on changes in techniques 
and econqmics .  Therefore , indus try is forced to continually aim at 
a moving targ e t . 

An Execut ive Order in December 1 9 7 0 , pursuant to the Refus e 
Act of 1 8 9 9 , required all  indus tries  dis charg ing into navigab l e  
waters t o  apply f o r  a federal p ermi t .  The recent l e g i s lation would 
provide a new p ermi t  program ,  no t b a � ed on the Refuse Act , in which 
s tates can is �ue discharge permits once the s tate program is  ap 
p roved by the EPA . Federal l qw a l s o  prqhibi ts  the dis charge o f  o i l  
and ha z ardous materials i n  harmful quantit�es into U . S .  navigab l e  
waters , a dj o ining shorel ines , o r  the contiguous zone ( 3  to 1 2  m i l e s  
6ffshote)  b y  vess e l s , ons hore fac i l i t i e s  o r  offshore facil�ties . 
The Coast  Guard r e cently promulgated regulat�ons on p o l lution pre 
vention which w i l l  contro l and regul ate activities and fac i l i t i e s  
a t  all mar ine ins tal l iti6ns . 

Air Qual i ty 

As provided in the C l ean Air Act Amendments o f  1 9 7 0 , the EPA 
has e s tab l ished p e rformance s tandards . in . terms ,o f atmospheric em is 
s ions for new and mo dified � l ants . Standards for new fac i l ities  
in  only f ive indus tr ial categories h ave been es t ab l ished to  date . 
New s ource performance s t andards for  s e lecte� refinery fac i l i ties  
have been deve loped  by  .the EPA . 

[ ike water qual ity s tanda�d� , iir  qua l i ty contro l , too , i s  for 
the mo s t  part a function o f  s tate govern�ents , o ften act ing coopera - 
tively through des ignated air qua l i ty control reg ions.  . S t ate s tan
dards c an be no mote lenient , but may b e  �ore res trictive than the 
federal amb ient a i r  qual i ty criteria dictated to be required for the 
protection o f  health and. welfare � . Maintenance o f  air qual i ty r e 
quires  the contr o l  o f  specific  emi s s ions ,as wel l as the s e t t ing o f  
s tandards for  amb ient a i r ,  s ince the latter would b e  impos s ib l e  to 
enfo rce a lone . · · ·  

• 
0 

Nati onw ide , the contr ibut ion o f  o i l  refineries to atmospheric  
p o l lution i s  r e l a t ively small ( s e e  T ab l e  l S } . I n  s ome local s i  tua
t i ons , however ,  control o f  refinery emi s s ions i s  required and c an 
b e  achieve.d ( s e e  T,ab le 1 6 ) . 

I n  as s e s s ing the p o s s ible effects o f  government environmental 
cons ervat ion p o l icy on U , S .  refinery capacity , it  i�  wel l  to 
cons ider s ome fundamental s - -name l y , the s ources , abundan·ce and fate 
of s everal p o l lu tants which may tend to bui l d  up in the atmosphere 
- - and the s ta tus o f  contr o l  techno l ogy . 

· 
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TABLE 15 

ESTIMATED NATI ONWIDE EMISSI ONS-1 969* 
(Million Tons per Year) · 

Sulfur 
Oxides 

Petroleum Refining 2.0 
Total Man·made Emissions 33A 

Particulates 
0 . 1  

35.2 

Carbon 
Monoxide 

2.6 
1 5 1 .4 

Hydro
carbons 

2.3 
37.4 

N itrogen 
Oxides 

< 0.1 
23.8 

* Final Report of the AP Hoc Committee, prepared for the U.S .. Office of Science and Technology. Cumulative 
Regulatory Effects on the Cost of Automotive Transportation (RECAT), Washington! D. C., ( February 28, 1972). 

Without Control Progra-m 
With ContrOl Program 

TABLE 16 

REFINERY AIR CONTAMI NANT EMISSIONS 
LOS ANGELES COUNTY-JANUARY 1971* 

(Tons per Day) 

Sulfur Carbon 
Oxides Particulates Monoxide 
1 ,320 1 5  1 ,635 

55 1 0  5 

Hydro- ' 
carbons 

1 ,495 
295 

* Profile of Air Pollution Control (Air Pollution Control District, County of L9s Angeles, Calif., 197.1 l .  

Sul fur Diox i de ( SO 2) . . 

Nitrogen 
Oxides 

1 30 
95 

A product o f  fo s s i l - fuel combustion , s u l fur dioxide has a 
r e l a t ively short res i dence time in the atmo s phere - -usually  a f ew 
days , or at mo s t  a few weeks . Cons �quent l y ,  global background con
centrations are qui t e  low- -on th� order o f  a · few parts per bil l i o n . 
Sulfur dioxide pol lut ion i s  primarily an urban prob l em , wi th c o n 
centrations and durations o f  exposure i n  s ome parts o f  ma j or metro 
p o l itan areas exceeding , by a subs t ant ial mar g i n ,  f ederal air qual 
i ty criteria for h e a l th . 

Standards p r e s �ntly s e t  for most  parts o f  the cotintry w i l l  r e 
quire  a high degree o f  emi s s ion contro l . All  o f  .the required t ech 
no l o gy i s  not genera l ly ava i l ab l e , but both r e s e arch and demons tra 
t i o n  pro j ects are  under way . Control o f  su lfur dioxide emiss i arls 
i s  accomp l i s hed b y  two typ es o f  regulation . Orie es tab l i shes legal 
maximum l imits on the s u l fur content o f  fue l s , and the s e co nd e s tab 
l i shes  l imits o n  the amount o f  s u l fur that may be emi t ted into the 
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,a,tmo_.spl).erE!, , a t  ,a  g ive.n rat� .of , energy us ag e , . . C,ur rent:I,y ;, s.ulfur diox
ide l,ill)its are usually me t by us ing lower sulfur fue l s . which are 
ava i l ab le in l imited .amounts . 

Much work is be ing done on proce s s es to desulfur i z e  s tack 
gases , and s e�eral are b e ing evaluated in demons trat ion s i z e  uni ts . 
Statk gas desulfuri zat ipn proces s es would p ermit large p lants to 
use h i g h - s u l fur fuels and s ti l l  meet the sulfur dioxide em i s s io n  
l imits . A numb er o f  engineering prob l ems and higher than expected 
opera t i on and ma intenance costs  have been encountered in the t e s ts 
made t o  date . The s e  proces s e s  are no t l ikely to be in wide us e in 
t il)le to meet exis t ing and pro·pos ed environment.al  targets. .  E s  t ab 
l i s h ing regulations ,which exceed the capab i l i ty. o f  ava ilable  t e.ch,- · 
nology m�y increase res earch and development effo rts but , at the 
s ame. time , the growth of the indus try may be s e rious ly affecte d . 

I 
Concern over air  p o l lution would be expected to acce l erate the 

:trend tb.ward .  nuclear power g enerat ing fac i l i t i e s , despite  an exc  
pected .  increase  in costs  for equipment to contro l thermal pol lution 

. of l;akes and s t reams . However , concern over atmospheric effects  
and o ther p o t ential  h a zards continues to s low devel opment . 

Carbon Monoxi de ( CO)  

. . ,  Car.bon monoxide , . a  toxic sub s t ance result ing from the incom
p l ete combustion of foss i l  fue l s , has been ,encountered in conc entr a
tiop.s, as  l).i gh .  as 5 0  t o  1 0 0  parts p e r  mill i on (PPM) in urb.an atmo 
sp.he,Te s ,  a l though the. e s t imat e d  average global concentration i s  only 
about. 0 . 1  PPM . Amb ient air qua l i t y  s t andards have b een es t ab l i shed 
at •  a max imum of 9 PPM for an 8 hour average , and 3 5  PPM max imum for i, l hour v�lue . The s e  values are not to be exceeded mor e  than once 
a Yllar . 

Total  worldwide annual CO emi s s i ons from c�mb�s t ion
' 

s ources 
have b e en e s t ima ted at 3 0 4  mil l i on tons , with automob i l e s  account ing 
for .  8 4  per .cent o f  this total . Coal - burning ins t a l l at ions are the 
s e cond l arg e s t  s ource· o f  CO f rom combus t io n .  R6 cen t  s tud ies a t  the 
Argo�ne I'{ a tional Labor a tor jes , sponsored by the Coordinat ing Re 
s ear·ch Counc i l , · .. concluded that na,tural . em iss ions . of ca,rbon monox i de 
are about 1 0  t ime s the man -made CO emis s ion rates . Modern refin-

. .  erJes  l).a;v:e: special furnaces  ,to burn gases containing c arbon mono xide , 
convert ing i t  to carb on. dioxide . 

O ther Contam inants 

. Refiners : have taken p o s i t ivll s teps to reduce hydrocarbon emis 
s ions . a,nd ,o dors by ins tall ing floating roofs and vapor recovery . 
sy�.tem s . o n  s �o,rage tanks .(lnd l o ading fa.c il i  ties , with mechanical  
s e.a l ? . on pumps , and c l o s ed sys tems to r e cover o ther Vented vapors . .  
Part:icula;te BII) i s s iop.� are reduced. by smoke contro l .dev i c e s � �electro 
s::t<).tic· precipitatoq and cyc].one s ep arators . Bag·  filters h§tve. a l s o  
found ·s ome us age . . . , · · 
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Expenditures w!Yi ch wcH l b e  required to bring. air and water e f 
fluent from refineries within the rigid l imits o f  the' new 'air .and 
water acts will  b e  s i zable . Costs are exp e c t ed ·to increas·e e've n  
further as  new and more r i g i d  s tandards emer g e . Also , s ince the 
"float ing target" requires use of the b e s t  t echno logy ava ilab l e ,  
costs  wi l l  als o increas e as the indus try moves to pu:tchas �  �ew tech
nological improvements as  they dev e l op . 

Product Qual i ty 

Unc ertaint i es regarding the qua l ity �equirements bf �ef'ined . 
products in rel ation to moving emis s ion s tandards have been a c·on 
tribut ing. fac tor in del aying decis ions a s  to the type arrd extent 
o f  refinery exp ans ions . The two maj o r  areas of p r0 duct qual i ty · · 
unc ertainties s urround the max imum s u l fur leve l  of fu el o i l s  and 
the o c tane level of motor gas o l ine , together with l ead alkyl us a&e 
for the l at·ter product . The extent of product qual i ty changes whi ch 
may bec·ome nece s s ary to comp l y  with government r egulations to b e · 
promulgated h ave not been ful l y  defined . · Th i s  c ertainly has de l ayed 
and is continu ing to delay final s e lect ion o f  refinery pro ces s e s . 

Sul fur in Fue l s  

A s  s t ated ear l i er ,  air  qua l i ty contro l s  on sulfur dioxide emis 
s i ons o f t·en trans l ate · into sulfur l imits  on fue l s . Mo s t  s tates · · 
imp o s e  individual · s tandards on a l l owab l e  s u l fur content· o f  fue'l . 
o i l s , which i s  g eneral lY: a 1 .  0 percent maximum in Priority 1 are'a·s 
( amb ient ·a ir · contaminant level higher than national primary • s tan "'· 
dard) . However ,  some o f  thes e areas ( s u ch as New York C i ty , Tol edo , 
New Jers ey , · e t c .) h ave more res trictive s tandards which will  're 'qui re 
fue l s  as low as 0 . 3 percent sul fur . Product dis tribution patterns 
might then force production o f  th e l owes t s p e c i fication prpduct in 
order to s ervice all accounts . · · 

D i rect des ul furization o f  h i gh - s u l fur res i dual fuels can p res 
ently be accomp l is h e d  with reasonab l e  economics only on certain 
l ow - me tal' content res i dUal fue l s . Cons e quen tl y ,  the v'olume o f  l o'w -
sul fur product obt ained from th is p ro c e s s  is  l imite�.  . . . 

Rel atively m i l d  desul fur i zation may c'o s t  on· the order o f  $ '0 '. 4 0  
per barrel . Other · heavy s tocks requiring more · ·s evere hydrogen ' 

· 

treating o r  o ther expens ive process ing to me e t  low- s u l fur l imi ts 
may cost from $ 0 . 6 0 to $ 1 . 0 0 or more p e r  barrel on an equival ent 
heating value b a s i s . ' 

L ow - s ul fur res i dual fuel s  are a l s o  obtained by topp ing<natu 
ral l y o ccurring low-sulfur crudes . Res i dual fUe l s  produced from 
this type o f  operat ion gene ra l l y  ·range in 0 .  3 to 1 .  0 percent sul fur 
l evel , depending. on crude s ource . Dome s t i c · c rudes are largely o f  
li::n'l' " su l fur type , bUt the supp l y  is s orely l imite d .  'Fo re igh suppl'y 
s o urces o·f this type crude , princ ip'ally . No'rth and Wes t  Africa anli•;: 
I ndone s i a ,  are relatively sma l l , and worldwide conipe ti't ion for them 
is  increas ing rapidly . 
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The mo s t  common meth o d  o f  obta ining low - sul fur ( 1 . 0 percen t)  
fuel s  is  by b l ending hig h - s ul fur res idual fue l s  with desul furi z e d  
low-sulfur vacuum g as o i l . This t e chnique i s  be ing used to sup p l y  
mos t  o f  t h e  low- sulfur fuel f o r  the Eas t C o a s t  markets . Desulfuri 
zation.  of .the overhead from vacuum d i s t i llation o f  reduced crude 
can p toduce fue l s  having a s u l fur content as low as 0 . 3  pe rcent ; 
howeve r ,  the u s e  o f  only this portion,  with no back blending o f  
resid  (vacuum bottoms ) , would greatly reduce the volume o f  1 . 0 p e r 
cent sulfur fue l , which is  currently in short s upp l y . 

Mo tor Gasol ine Qual i ty 

. The 1 9 7 0 C l e an Air Act Amendments provide for. reg i s t ration o f  
fue l s  and fuel addit ives and author i ze . th e  Environmental Pro te ct i on 
Agency to l imit the use o f  addi t ives i f  sueh add i t ives e i ther p r e 
vent emi s s ion control sys tems from operating effectively t o  me e t  
the em i s s ion s t andards , o r  a:re detr imental to the health and we l fare 
of c i ti z ens . EPA action on the contro l fue l s  o r  fuel additives 

. preempts s tate o r  local gove rnment action in this area . 

On February 2 3 ,  1 9 7 2 , the Envi ronmental Protection Agency pub 
l i shed prop o s e d  regul ations for fue l s  and fue l additives in the 
Feder a l  Regis ter . The s e  regul ations were final i zed on January 1 0 , 
1 9 7 3 ,  when the EPA pub l ished in the Federa l Regis ter requirements 
on the general ava i lab ility o f  unleaded gas o l ine by July l ,  1 9 7 4 ,  
containing not mo re than 0 . 0 5 gram o f  lead and not  more than 0 . 0 0 5  
gram o f  pho spho rous per gal lon , and having a minimum Re s e arch Octane 
Numbe r  (RON) of 9 1 . Th is regulation provided for the quarterly 
averag ing of the l e a d  cont ent of l eaded grades. of gaso line for each 

. refinery and for a reduct io n  of the 91 .res earch o ct ane l evel o f  the 
unl eaded grade for a l t i tudes above 2 , 0 0 0  fee t .  The EPA a l s o  pro � 
p o s e d  that existing grades o f  l e aded gas o l ine be l imited to a max i 
mum o f  2 . 0  grams o f  l ead p er gallon  begimiing January l ,  1 9 7 5 ,  with 
the p ermi s s ib l e  maximum dec l ining to l .  2 5  g rams p e r  gallon by Jan
uary l ,  1 9 7 8 . *  

Numerous s tate  and l o ca l  p o l i tic a l  uni ts have p as s e d  l eg i s l a 
tion even mo re .res trictive than the EPA propo s e d . New York C i ty ' s  
current regul a tions r equire a comp l e t e  pha s e -out  o f  a l l  l ead . · Also , 
certain count i e s  in Cal ifo rnia a do p te d  regul a t ions tha t woul d phas e 
out a l l  l ea d  i n  g as o l in e  by 1 9 7 6 ,  al though court a c t ion has s t o pped 
these r egul a t ions from be ing put into effec t . Buffalo and James town , 
New York , and the  s tate o f  Maryl and h ave adop t e d  s eparate and more 
restrictive l e a d  reduction regul a t ions . Emi s s i ons from internal 
combus t ion engines include carbon monoxide , nitrogen oxides , hydro 
carbon and p a rt icul ate  matt e r . A l l  excep t particulates are l imited 
by federal regulations . C a l i fo rnia h as s eparate s tate regul at ions . 

* On Decemb er 6 ,  1 9 7 3 ,  the EPA pub l i shed regulat ions s ta t ing 
that the maximum 3 month average l ead content of the total gas o l ine 
pool  a t  any r efinery w i l l  be l im i t e d  to 1 . 7  grams p e r  gallon by 
January l ,  l 9 7 5 , and phased down on a yearly b a s i s  to 0 . 5  g rams p e r  
g a l l on by January l ,  1 9 7 9 .  
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Acco rding to pres ent internal combus tion eng 1ne techno l o gy , 
three g eneral typ es o f  approach exi s t  for the reduction o f  nitro 
gen oxides , hydro carbons and .carbo n  mono xide i n  automo b i l e  exhaus t .  
One approach woul d ins t a l l  a dual - catalyst  sys tem i n  which one 
catalyst r educ es nitrogen oxides (NOx) to nitro g en and by-pro ducts , 
whi l e  the s e cond catalyst converts hydro carbons and CO to HzO and 
CO z .  Howeve r ,  even the b e s t  o f  these catalyst s o  far develope d  
are deactivated b y  l ead . Unl eaded gaso l ine , therefo re ,  woul d b e  a 
requi red fuel for use with s uch a s y s t em . Certain manufacturers 
c l a im recent deve l o pments which may result in catalysts which are 
no t deactivated by l ead . 

A s econd approach woul d cons i s t  o f  a s ingl e - cataly s t  sys t em 
to convert the hydro carbon and CO emi s s ions to HzO and CO z ,  with 
recircul ation o f  a portion of  the exhaus t gas (EGR) to control the 
forma tion o f  NO)c .  Thes e c ontro l sys t erns w i l l  resul t in s ome d e 
crease in fuel efficiency . As a resul t ,  increased crude o i l  con
sump t i on will  b e  neces s ary in order to s upply the added fuel r e 
quired for a g iven distance trave l e d . 

A third appro ach would invo lve the use o f  thermal rather than 
catalyt ic reactors , and i f  p roven feas ib l e ,  might pe rmi t  continued 
us e o f  l e aded gasol ine . The magnitude o f  the increased demand for 
g a s o l ine as a result of the l ower fuel util i z ation effic iency w i l l  
dep end on the mode o f  operation s e lect�d . However , an. e s t imat e d  5 
t o  1 0  percent increase in crude requirements as a result o f  such 
new emi s s i on control devices is  ant i c ipated . 

B a s e d  on auto indus try t e s t imony , the EPA adminis trator recent 
l y  adop ted new interim auto emi s s ion l imits for 1 9 7 5 ,  whi l e  requir
ing the o r i g inal 1 9 7 5  l imits to be met in 1 9 7 6 .  Emi s s ion l i mi t s  
previou s ly adop ted b y  California for 1 9 7 5  remain the s ame . The s e  
C a l i fornia l imits would require the u s e  o f  catalytic mufflers on 
a l l  1 9 7 5  models  s o l d  in Cal i forni a .  C a l i fornia would in effect 
b ecome a tes t ing grouftd for cata l yt i c  muffler� . 

There is  consi derab l e  conc e rn among auto manufacturers that 
even the new interim 1 9 7 5  emi s s io n  l imits  canno t be met without the 
us e o f  cataly t i c  or thermal reactors . Wh i l e  thermal reactors c o ul d  
b e  used t o  meet the inte rim s tandar ds , they a r e  unl ikely t o  b e  us ed 
s inc e they wo uld require replacement w i t h  a catalytic muffl er to 
meet the 1 9 7 6  s tandards . 

Cons iderab l e  debate con t inues concerning t h e  neces s ity to in
s ta l l  NOx control o n  the maj o r ity of U . S .  automo b i l e s . Original 
NOx data co l l ected . by EPA has been found to b e  inva l i d  due to the 
measurement t ec hnique us ed . I t  now appears Los  Angeles  is  the o nl y  
c i ty wi th a NOx problem . EPA has t e s t ified that the s tatutory NOx 
s tandard s hould b e  relaxe d ,  but whether there will  b e  a relaxation 
of the 1 9 7 6  NOx l imitat ions is  not y e t  known . Meeting the s ta t u 
tory NOx l imitatio ns w i l l  r e s u l t  i n  a s evere g a s o l ine economy l o s s  
and thus a.ddi t ional vo l umes o f  crude o i l  w i l l  b e  requi red . . 

Over 4 0  p erc ent o f  the 1 9 7 1  automo b i l es were des igned to have 
an oc tane requ i rement o f  mo r e  than 9 1  RON . The automob i l e  indus try 
has indi cated tha t  e s s entially a l l  1 9 7 3  vehicles produced W i l l  oper
ate on 91 RON gasol i ne . Cal ifornia l eg i s l at ion has been enacted 
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whi c h  l imits  the o ctane requirement for any new car s o l d  in Cal i 
fornia to 9 1  RON . The average compres s io n  ratio  fo r veh icl es has 
b e en r educ ed t o  provide s a t i s factory o p eration on gas o l ines o f  l ower 
RON g a s o l ine .than tho s e  regular gasol ines currently b e ing marke t e d .  

From the preceding d i s cus s io n ,  i t  i s  c l ear that uncertainties 
exi s t ,  no t only as  to future qua l i ty required for mo tor fuel s , but 
even actual vo l umes requi red as affected by exhaus t sys tem contro l  
devi c e s . These uncertainties  imp o s e  inhib i ting influences on r e 
f inery expans ion , as  refiners wait  for final defini t i on in order to 
o p t im i z e  new uni t des ign . 

Al t ernate Motor Fu e l s  

A l though e s s entially a l l  vehicles  i n  the Uni t ed States are 
de s igned for e i ther gaso l ine o r  dies el fuel , s ome l imited use has 
been made o f  o ther fuel s  in spark - ignition eng ines . The three 
hydro carbons that have rec e ived the mo s t  at tention as  a l ternates 
to g a s o l ine ar� met hane , propane and butane . The l a tter two , and 

. mixtures thereof ,  are referred to as l iquef i e d  p etroleum gas (LPG ) . 

A l l  o f  thes e paraff inic l i ght hydro carbons are excell ent fuels  
for the spark - ignition eng ine from the  s tandpo int o f  comb ining h i gh
antikno ck qua l i ty with c l e an burnin·g character i s  tics , resulting in 
rela t ively l ow em i s s ions of hydrocarbons and carbon monoxide . Their 
chief disadvantages are l ow b o i l ing po ints , requiring pressur i z e d  
fuel tankage o n  the vehi c l e - -over 2 , 2 0 0  pounds p e r  s quare inch 
(ps i )  fo r compressed  na tural gas ( CN G )  and over 2 0 0  p s i  fo r LPG ,  
and the low-vo lumetric heat o f  combu s t io n .  

L ight , hydrocarbon fue l s  are be ing us ed for s ome vehi c l e  fl eets 
in large metropo l itan areas . Becaus e o f  l o g i s t i c  a dvantages i n  
hand l i ng and s to r ing LPG compared t o  l iquefied o r  compressed  na tu
ral gas , i t  is ant i c ipated that LPG will rece ive greater accep tance 
in thes e veh i c l e  us es than natural gas . Dome s t i c  avai labil i ty w i l l  
no t p ermi t  extens ion o f  the us e o f  such fue l s  f o r  o ther than f l e e t  
operation . 

Eng ine Trends ( Sp ark - I gn i ted P i s t on Intern a l - Combus t ion 
Engine s )  

Conventio nal Eng ine : Techno l o gy for the control o f  gasol i ne 
eng ine emi s s ions i s  now we l l  a dvanc e d  and i s  be ing developed to be 
app l i e d  to p ro duc tion engines t o  reduc e emi s s ions to low l e ve l s . 
Based on present deve loped techno l o g y ,  the conventional p i s to n  
interna l -combus t i on eng ine o ffers t h e  b e s t  practical s olution t o  
a mas s -pro duc e d ,  l ow - em i s s ion automo b i l e  fo r t h e  next s everal years . 

Stra t i f i e d - Charge Engine : The s tr a t i f i e d - charge engine o f fers 
the po tential of l ow - em i s s ions w i thout after- treatment of the eng ine 
exhaus t and with greater fuel e conomy than convent ional eng ines 
with emi s s io n  contro l s y s t ems to treat the engine exhaus t .  The 
bas i c  s tratified- cha rge concep t s  b e ing devel oped were f i rs t sug -
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gested in the 1 9 2 0 ' s .  The s tratified- charge engine depends on i g 
nition o f  r i ch fue l - ai r  mixture which i n  turn i gnites  a s  larger 
volume of a fue l - l e an mixture . By contr o l l ing the fue l - air mixing 
and the combustion in this Jilanner a nd operating the eng ine at an 
overall  fuel - l ean condit i o n ,  l ow emis s ions are produced . The 
s t a t i fi e d - charge engine p ro to types , that have been deve loped,  . indi 
cate potential both in emi s s ion contro l  and fuel economy . The s e  
eng ines repres ent mo difications o f  the convent ional p i s to n  eng ine 
and , therefo re ,  s hould requ i re s omewhat l e s s  tim� to trans late  to 
mas s  production than o ther p o tential alternate  engines . 

D i e s e l  Engines : The emi s s ions from diesel  eng ines , us ed al 
mo s t  exc lus ively on trucks , wil l b e  further r educed by contro l l ing 
overloa ding and imp roving fuel inj ection and combus t io n .  Smo ke 
emi s s ions , wh i ch are required to b e  contro l l e d  for the first t ime 
by the 1 9 7 0  U . S .  s tandards , may be further. t i ghtened . Odor prob l ems 
are receiv ing increased attent ion . Diesel  engines opera ting i n  
cong e s t e d  areas may emp loy spec ial control equipmen t to s'llbs tanc 
t i al ly remove remaining traces of pol lutants from the exhaus t .  

Gas Turb ines : The emi s s ions £rom a ir cr�ft and s ta t i bnary gas 
turbines will cont inue t o  be improved thr�ugh imp roved inj ect6 r •nd 
combu s to r  des ign . Becaus e of the favo rab l e  emi s s ions charact e ris 
tics  of gas turb ines , i t  i s  p o s s ib l e  that greater u s e  will b e  made 
of thes e engines in heavy - duty vehicl es , o f f - highway equipment , and 
by 1 98 0 ,  p o s s ibly in automo b il es . Al s o ,  greater us e w i l l  be made 
of turb ines fo r general aviation purpos es . The trend toward u s e  
o f  turb ines for s ta t i onary power p l ants cont inues t o  grow . 

Ro tary Eng ine s : I ncreased us e w i l l  b e  made o f  rotary eng ines , 
s uch a s  the Wanke l , in sma ll vehicl es . The o ctane qua l i ty o f  fuel 
required for rotary engines w i l l  no t be s i gnif icantly lower than 
that r e quired for current p ro duction of reciprocat ing eng ines . 
Ro tary engines are now ava i l ab l e  o n  s ome impo rted cars , and i t  
app ears that they may become a factor in U . S .  manufa ctured veh icles  
as  early  a s  the 1 9 7 5  mo d e l  y ear . 

Electric  Engines : G as o l in e - e l ectri c ,  b attery - e lectric and 
o ther types o f  hybrid  e l e c t ri c - eng ined vehicles  exhib i t  favorab le 
emi s s i ons charact e r i s t i cs but suffer from range and accel eration 
performance l imitations . Th e s e  power p l ants w i l l  continue to b e  
deve l o p e d ,  but excep t for specia l i z ed us es , are not exp e c ted t o  b e  
pr oduced i n  s igni ficant quan t i t i e s . Providing power for such v e 
h i c l e s  would require addi t i onal e l e c tric p ower generating fac i l ities . 

Changes in vehicle  eng ine des ign may no t a l t e r  the typ e o f  
fuel needed fo r tho s e  vehic l e s , a t  l e a s t  up t o  1 9 8 0 , b ut may i n 
creas e fuel consump t ion and the demand for fos s il - fuel reso urc es 
subs tantial l y . Howev e r ,  the various des igns again create unc e r 
tainty regar ding the app rop r iate de s i gft b a s i s  f o r  new refineries , 
s ince fuels r equired for each are o bvious l y  qui t e  different . 

· 
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Lead T ime 

. L ead t ime for cons truction of new refineries or for mo difica
tions o f  exis t ing refineries , even under normal c i rcums tanc es , has 
always been long . For examp l e , cons truc tion o f  a process  fac i l i ty 
(such as  a l ky l a t io n ) , based o n  known techno l o gy and with known 

p a s t  engineering as a guide , wi l l  n ever thel e s s  take 1 8  months to 
2 years to comp l ete from the t ime authority to proceed is  i s sued . 
Obvious l y ,  the l ead t ime required for  new proce s s es i nvolving new 
t echno log ies o r  comp lex a ddit ions to exis t ing ref ineries  may be 
much l ong er ·. I t  i s  no t unusual for 5 o r  more years t o  etapse  b e 
tween the t ime a new process pas s es a l l  res earch and p i l o t  p l ant 
evaluation and commercial operatio ns beg i n .  

Envi ronmental regulat ions contr ibute s i gnifi c antly t o  the l ead 
t ime required to mo dify or bui l d  new refinery capac ity . Time i s  
ne.e de d to eng ineer and .construct the special equipment necess ary 
for the control  o f  air and water effluent . But further time is  
also required to l o cate and obtain approval for a s a t i s factory s i t e . 
More t ime is  neces sary to fi l e  impact s tatements t o  ob tain construc 
tion p ermits and operating p e rmi t s , and to comp l y  w i th o ther detai l s  
o f  the comp l e x  a dminis trative procedures es t ab l ished by federal and 
s tate  regulations and guide l ines . The s .e delays are minor problems , 
however , compared with the inde terminat e delays which may result 
from court actions b y  concerned citi z en groups . 
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Chapter Thre e 

TRANSPORTAT I ON AND STORAGE REQUI REMENTS 

I NTRODUCT I ON 

The U . S .  Ene rgy Out look Report  o f  the Nat i onal Petroleum 
Coun c i l  proj ects that futur e o i l  demands w i l l  incre a s e  greatly 
from present requirement s .  I n  addi t ion , i t  is  p"os s ib l e  that 
dome s t ic product ion w i l l  not expand s ign i fi c an t ly above the current 
l e ve l ,  n e ce s s itatin g  an inc rease in the imp o rtation o f  crude and/or 
product s .  The l o g i s t i cs s y s t em ( including transportation and s t o r 
a g e  fac i l i t i e s ) , t o  handle incre ased crude as  we l l  a s  p o t en t i a l  pro
duct imp o rts w i l l  imp act upo n  the consumer as we l l  as up on the con
s truction o f  U . S .  re fining cap acity , 

In order to determine a p robable bas i s  a s  t o _ th e  l o cat i on where 
imports  w i l l  be requi red,  and what typ e o f  fatilities  wi l l  be nec
e s s ar y ,  a proj ected interd i s tr i c t  supply and demand b a l ance for the 
Uni t ed S tates is  requi red ,  Wh i l e  s uch a b a l ance takes into a ccount 
exis t ing fixed faci l i ti e s  ( e . g . ,  p ip e l ine s ) , i t  i s  not r e s t r i c t e d  
to h i s t o ri c a l  movement p at t e rns . 

During the  1 9 7 0 - 1 9 7 5  p e r io d ,  PAD Districts  I ,  I I ,  and ,  for  a 
t ime , V w i l l  require subs tant i a l  vo lumes o f  o i l  e i ther from fore ign 
s o urces o r  from other d i s t r i c t s  t o  meet p r o j ected deman d .  A port ion 
o f  the  increas ing demand wi l l  be s a t i s fi e d  via ove r l and imp o r t s  
( Canada) , a l th ough t h e  maj o ri ty o f  increa s e s  o f  U . S .  imports  w i l l  
c ome from the Eastern Hemisphere b y  wate r .  

Today , the mos t  advantageous way t o  transport  crude by water 
is  by movemen t di rectly from the crude s o urce to consuming r e fin
e r ie s  in the large s t  ve s s e l s  p o s s ib l e .  Uti l i za t ion o f  very l arge 
crude car r i ers (VLCC ' s ) , coup l ed w i th deepwater termina l s , wi l l  
provide the  Nation w i th .the mos t e conomic transportat ion s y s tem. 
a long wi th the  environmental bene fits which der ive from reduced 
s hip traffi c .  

Added. impo rtation o f  l arge quant i t i es o f  o i l  w i l l  require 
subs t an t i a l  expans ion o f  transportat ion and s t o rage facil i t i e s ,  
b o th to re ceive the o i l  and subsequently t o  trans port i t  to the 
consuming ln cat ions . Cons i de ring only the  lowest c o s t  l o gi s t i cal 
s y s t em for imp o rting crude o i l  t o  onshore re f ining centers , the  
amoun t of  cap i t a l  required for  the increa s e  in  imports during the 
1 9 70 - 19 8 5  period is very l arge . E s t imated inves tment s  for t h e  
f a c i l i ties , inc luding new ve s s e l s , r ange from $ 1 4  to $ 1 6  b i l l i on 
( 1 9 7 0 do l l ars ) , depending up on wh ether PAD D i s t r i c t  I increas e s  
are  directly delivered t o  PAD D i s t r i c t  I o r  - - as reflected i n  the 
h igher  numbe r  - - are s upp l i ed from PAD District  I I I .  

S UPPLY AND DEMAND BALAN CE S - - 1 9 7 0 - 1 9 8 5  

Transportat ion and s torage fac i l i t i es nece s s ary to h andl e the 
expanding p e t r o l eum demand are funct ions of the typ e of supp l y  
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sys tem,  the supply s ource 
to be transported . Three 
S tates can be cons idere d :  
s upply and imp o rts . 

and the quant i t i e s  and typ es o f  s tocks 
broad categories o f  supp ly in the Uni t ed 

intradi strict supp ly , interdistrict  

The l arge numb e r  o f  var i ables  make accurate long - r ange pro
j ect ions o f  opt imum supply sys tems a formidab l e  tas k .  In this 
s t udy , p r imary considerat i on h as been devo ted to the deve lopment 
of syst ems which · are capab le of s upp lying incre ased demand leve l s  
within the bas i c  supp ly sys t em .  Inves tments and/or sys tems for 
maintenance or e fficiency imp rovements have not b een addres s e d , 
but are factors that mus t  be taken into account in an o verall  s y s t em 
analys i s . 

Tab les  1 7  and 1 8  from the NPC ' s  U . S .  Energy Out l ook Rep ort out
l ine the proj ected U . S .  s up p ly/demand b al ance for Cases I I  and I I I . * · 
The . four cases pr esented in this  report as sume different rates o f  
f inding o i l ,  with changes i n  the s ucce s s  o f  o i l  dis covery affe ct ing 
the amount of natural gas avai l ab l e . The avii l ab i l i ty of a larger 
amount o f  gas in the " hi gh o i l  f inding cas e s "  caus.e s the demand 
for o i l  t9 b e  reduce d  a s  gas product i on satisfies  a . l arger share 
of the total energy demand . 

F o r  this s tudy , Cases I I  and I I I  have b e en e l ab orated into a 
proj ect ion o f  a potent ial  d i s tr i c t -by - district ba lances and are 
shown in Tab l e s  19 and 2 0 . As accurate calculation of d i s t r i c t  
balan ce s  i s  un ders t andably diffi cult , it  s hould be emphas i ze d  that 
the b a l ances shown in Tab l e s  19 and 2 0  are for i l lustrative pur 
p o s es only ; The indigenous supply and demand for each district  h as 
been deve loped from the sam� s ource as Tab les 1 7  and 1 8 .  The inter
district movements h ave been a s s umed t o  go from surplus dis tricts  
to adj acent defi cit  d i s tr i cts . Imports which are shown are directe d  
t o  ih e  district  o f  u t timate con s ump t io n ,  rather than the d i s t r i ct 
wher e i n  o i l  may b e  importe d .  I n  the base  cas e ,  import incr�as e s  
abov� 1 9 7 0  leve ls hav e been a s s umed t o  b e  crude rather than the 
var iety of pr oduct s whi ch may be imported ; however , d i s cus s i on 
o f  p r o duct imports  i s  included in the latter s e c t ions . 

The assump t i ons o f  interdistrict  movement are re latively s imp l e  
and d o  n o t  attemp t t o  analy z e  s p e c i f i c  pro j ects regarding refinery 
cons truc t i on o f  specific  a ddit i ons t o  the l o g i s tical system.  Unt i l  
sub s t antial North S lope production i s  avai l ab l e , PAD Distri cts I ,  
I I ,  and V cannot meet demand requirements from indi genous s upp l i e s . 
After North S l ope supp l i es b e c ome ava i l ab l e ,  Dis tricts I and I I  
w i l l  cont inue in a deficit  p o s t i on .  

* C a s e s  I I  and I I I  are b oth based on medium o i l  dri l l ing 
rates . Case I I prov ides for a high finding r a t e ,  Case I I I  include s 
a low finding r at e .  Case  I I I  corresponds appr oximately w i th the 
NPC I n i t i a l  Appraisal . The quantity of imports var i e s  s ignifi cantly 
between cases but total demand v ar i es to a l e s s e r  extent . Thus , 
the var i ab i l ity in transportat ion and s t orag e fac i l i t i es i s  s hown 
by cdnt�as ting Case I I  and I I I .  
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Requirements* 

TABLE 1 7  

U.S. PETROLEUM SUPPLY/DEMAND BALANCE-CASE I I  
(MB/D) 

1970 1975 

14,7 1 6  1 7,551 
Petroleum Liquid Productiont 1 1 ,297 1 0, 1 86 

1980 

20,51 3  
1 2,939 

Synthetic Oi l  Production ___.1.QQ 
Total Dome�tic Petroleum Supply 1 1 ,297 10,186 1 3,039 

Petroleum I mports 3,419 7,365 7.474 
Percent of Total Required Supply 23.2 42.0 36.4 

Source of I m ports 
Canadian Overland 766 1 ,275 1 ;925 
Foreign Waterborne 2,653 6,090 5,549 

1985 
23,p68 
1 3,887 

� 
14,367 

8,701 
37.7 

2,750· 
5,951 

* Oil required to balance total energy demand, net of processing gain, stock change, unaccoUnted for crude and other 
hydrocarbon inputs. 

t North Slope production included in 
total production: 0 0 2,000 2,000 

TABLE 1 8  

. U.S. PETROLEUM SUPPLY/DEMAND BALANCE-CASE I l l  
(MB/D) 

1970 1975 1980 

Requirements* 1 4,716 18,251 22,335 
Petroleum Liquid Productiont 1 1 ,297 9,747 1 1  ,61 1 
Synthetic O i l  Production 1 00 

---

Total Domestic Petroleum Supply 1 1 ,297 9,747 1 1 ,71 1  

Petroleum I mports 3,419 8,504 1 0,624 
Percent of Total Required Supply 23.2 46.6 47.6 

Sau·rce of I mports 
Canadian Overland 766 1 ,275 1 ,925 
Foreign Waterborne 2,653 7,229 8,699 

1 985 
25,787 
1 1 ,833 

480 

12,313 

1 3,474 
52.2 

2,750 
1 0,724 

* Oil required to balance total energy demand, net of processing gain, stock change, unaccounted for crude and other 
hydrocarbon inputs. 

t North Slope Production Included in 
total productions 0 0 2,000 2,000 
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PAD 
District 

I I  

I l l  

I V  

v 

TABLE 19 

SUPPLY AND DEMAND BALANCES 
CASE II-HIGH OIL FINDING RATE 

(MMB/CD) 

Supply and Oemat}d Balances 1970 

Indigenous Supply .1 
Demand (6.0) 

Net (5.9) 

lnterdistrict Receipts from I l l  Via Existing Pipelines 1.4 
I l l  Other 2.0 
v 

Imports - Waterborne 2.5 

Indigenous Supply 1 .4 
Demand (4.1 ) 

Net (2.7) 

I nterdistrict Receipts from I l l  2.0 
IV .3 
v 

Imports - Canadian .4 
Waterborne 

Indigenous Supply 7.8 
Demand (2.4) 

Net 5.4 

l nterdistrict Shipments to I Via Existing Pipelines 1 .4 
I Other 2.0 

.I I 2.0 

Indigenous Supply .7 
Demand ( .4) 

Net .3 

lnterdistrict Shipments to I I  .3 

Indigenous Supply 1 .3 
Demand (2.0) 

Net ( .7) 

lnterdistrict Receipts .2 
Shipments to I 

I I  
Imports - Canadian .2 

Waterborne .3 
Total I �ports 3.4 

1975 1980 1985 

.1 .2 
(7.2) (8.3) (9.0) 

(7.2) (8.2) (8.8) 

2.0 2.0 2.0 
0� 1 

.8 .9 
5.2 5.4 5.8 

1.3 1 .2 1.2 
(4.8) (5.5) (6.1) 
(3.5) (4.3) (4.9) 

2.1 1 .7 1 .3 
.2 .2 .6 

.2 .2 
1 . 1  1 .9 2.8 

.1 .2 

6.9 7.0 7.3 
(2.8) (3.3) (3.9) 

4.1 3.7 3.4 

2.0 2.0 2.0 
.1 

2.1 1.7 1 .3 
.7 .8 1.2 

� ( .6) ( .6) 
.2 .2 .6 
.2 .2 .6 

1 .3 3.9 4.4 
(2.3) (2.9) (3.3) 

(1.0) 1.0 1.1 

.8 .9 

.2 .2 
.2 
.8 

7.4 7.5 8.6 

Note: For details of supply and demand assumptions, refer to NPC U.S. Energy Outlook - A  Report of the National Petroleum 
Council, (December 1 972) and to NPC U.S. Energy Outlook - Oil and Gas Availability {January 1 974). 
For 1 975 on, assumptions include: 

eAII existing refining capacity is filled first. 
• Base case assumes all district demands above 1970 levels are covered by increased refinery capi:Jcity within the district. 
•All additional imports above 1970 level are assumed to be in.the form of crude. 
ePAD I Supply of refined produc.ts from PAD I l l  assessed constant, 
•PAD I I  Excess PAD IV production goes to PAD I I .  

Excess PAD V production goes to PAD I I  via Transintermountain pipeline. 
Canadian imports go to PAD I I  after PAD V satisfied, 
Excess PAD I l l  production after meeting PAD I refined products demand {2,0 MMB/Dl provides balance 
of PAD I I  requirements. 
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PAD 
District 

I I  

I l l 

IV 

v 

TABLE 20 

SUPPLY AND DEMAND BALANCES 
CASE 1 1 1-LOW OIL FINDING RATE 

(MMB/CD) 

SupPly and Demand Balances 1970 . 
Indigenous Supply . 1  

Demand (6.0) 
Net (5.9) 

lnterdistrict Receipts from I l l  Via Existing Pipelines 1 .4 
I l l  Other 2.0 

Imports 2.5 
Indigenous Supp_ly 1 .4 

Demclnd (4.1) 
Net (2.7) 

Jnterdistrict Receipts from I l l  2.0 
IV .3 
v 

I mports ....:. Canadian .4 
Other 

Indigenous Supply 7.8 
Demand (2.4) 

Net 5.4 
lnterdistrict Shipments to I Via Existing Pipelines 1.4 

I Other 2.0 
I I  2.0 

Indigenous Supply .7 
Demand .L.:il 

Net .3 
lnterdistrict Shipments to I I  .3 
Indigenous Supply 1 .3 

.Demand (2.0) 
Net ( ;7) 

lnterdistrict Receipts .2 
Shipments

. 
to

-
, 
I I  

I mports - Canadian .2 
Waterborne .3 

Total I mports 3.4 

1975 1980 1985 
. 1  . 1  .2 

(7.4) (9.0) (1 0.3) 
(7.3) (8.9) (10.1) 
2.0 2.0 1.9 

.3 
5.3 6.6 8.2 
1.2 1 . 1  1.0 

(5.0) (6.0) (6.8) 
(3.8) (4.9) (5.8) 
1 .6  .7 

.2 .3 
.2 .2 

1 . 1  1.5 2.8 
.9 2.5 2.5 

6.5 6.3 6.2 
(2.9) (3.6) (4.3) 
3.6 2.7 1.9 
2.0 2.0 1.9 
1.6 .7 

.7 .6 1.0 
.( .5) 1..:§) _l__B 

.2 .3 

.2 .3 
1 .3 3.6 3.9 

(2.4) (3. 1 )  (3.7) 
(1 .1)  .5 .2 

.3 

.2 .2 
.2 
.9 

8.4 10.6 13.5 

Note: For details of supply and demand assumptions, refer to NPC U.S. Energy Outlook - A  Report of the National Petroleum 
Council, (December 1972) and to NPC U.S. Energy OutlOok - Oil and Gas Availability (J'anuary 19741. 
For 1975 on, assumptions include: 

eAtJ existing .refining capacity is fi.lled first. 
eBase cas� assumes all diStrict demands above 1970 levels are covered by increased refinery capacity within the district, 
eArl additional imj:JOrts above 1 970 level. are assumed to be in the form of crude. 
• PAD- I SuPphi of refi/,ed 'products from P.AD I l l  assessed constant. 
ePAD I I  Excess PAD IV production goes to PAD I I .  

Excess PAD V production goes to PAD I I  via Transintermountain' pipeline. 
Ccinadian imports go to PAD II after PAD V satisfied. 

. 

Excess PAD I l l  produCtion after meeting PAD I refined products demand (2.0 MMB/DI provides balance 
of PAD I I  requirements. 
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The U . S .  Energy Out l oo k  Rep ort ' s  Cases  I I  and I I I  b o th proj ect 
s ub s t antial  increas es in imported supp l ie s  during the period from 
1 9 7 0  to 1 9 8 5 .  C a s e  I I  imp orts increase from 3 . 4  MMB/ CD to 8 . 7  
MMB /CD during the period , whi le Case I I I  imports  reach a leve l o f  
1 3 . 5  MMB/CD by 1 9 8 5 .  As outl ined in the report , 1 9 7 0 to 1 9 7 5  w i l l  
b e  the period o f  gr eatest relative and ab s o lute growth . For Cas e 
I I I ,  the proj ected balances show that waterborne imports into 
Dis trict  I wi l l  more than triple ( from 2 . 5  MMB / CD to 8 . 2  MMB/CD 
dur ing the 1 9 7 0 - 1 9 8 5  period) . 

Waterborne imp or ts into District  V w i l l  a l s o  trip l e  ( from 0 . 3  
MMB/CD to 0 . 9  MMB/ CD) . District V imports  are proj ected to cont inue 
to incre ase unt i l  North S l op e crude arriv e s , optimi s t ically e s t ima
ted to start in 1 9 7 6 / 1 9 7 7 .  The Canadian imports  which are shown 
h av e  been derived from the U . S .  Energy Out look Report . Should 
futur e Canadian imports  be restricted,  it is  l i k e ly the needed o i l  
would come from the Pers ian Gulf v i a  VLCC ' s and · de .epwater termin a l s  
t o  t h e  Gulf C o a s t  and sub sequently move inl and v i a  p ipe l ine . 

Tab les  1 9  and 2 0  have proj ected future o i l  demands by district 
w i th an indiv i dual district e ither r e c e iving or s hipp ing s tock,  
not b oth . Tab le 21  outlines the his torical transportat ion move
men ts b e tween the districts  as a pre lude to cons ider ing h ow e ach 
deficit district  might be supp l i e d .  Movements of crude and petr o 
leum pro ducts within the exis ting s upply d i s t r ibution sys tem are 
primarily done via p ip e l in e  and marine fac i l i t i e s . P ip e l ine crude 
movements have h i s tor ically been l o c al i ze d  wi thin PAD Distr i cts 
( s e e  Tab le 2 1 )  except for movemen ts be twe en D i s t r i cts I I  and I I I  
and Canadian imp o rts . Crude movements t o  D i s tr i ct I from b o th 
D i s t r i cts I I  and I I I  have been pr imar ily via  b arge or coas tal 
t anker . Futur e demand increases  w i l l  nece s s i tate incre as ingly 
g r e ater crude movements from for e i gn so urces p r imar i ly to Dis tri cts 
I and I I I . 

The large pr oduct movement s into PAD D i s tr i c t  I have been made 
with a comb i nat ion of marine and p ip e l ine s y s t ems while movemen ts 
into and wi thin Districts I I  and I I I  h ave u t i l i z e d  upr iver barge 
and p ipe l ines from Gul f  Coast  re fining centers . Fi gures 8 and 9 
i l lustrate the rel at ive magn itude o f  petro leum movements as der ived 
from Tables  19 and 2 0 .  Figures 1 0  and 11 show t he incr eased tran s 
p or tation sys t em cap a c ity which wou ld be r equ i red in the 1 9 7 1 - 1 9 8 5  
p eriod unde r  Case I I  and C a s e  I I I  c ond i t i ons , r e sp e ctively . 

METHODS TO MEET SUPPLY REQUI REMENTS 

As noted ear l i e r ,  future petroleum requirements wi l l  require 
large increa s e s  in imports  during the coming years . I n  order to 
s a t i s fy this growth o f  U . S .  demand for p e t r oleum products , sub 
s tant i a l  incr eases  in tran sp ortat i on and dis tribution system cap a 
b i l ity wil l b e  neede d .  This sect ion wi l l  deal  with p o s s i b i l i t i e s  
as  t o  how the imports  wi l l  move t o  t h e . Un i t e d  S t at es , what type o f  
facil i t i e s  a r e  required and the cos t  o f  such fac i l i ties . 
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TABLE 21 

SOURCES OF SUPPL Y-1970 
(MB/CD) 

PAD I PAD I I  PAD I l l  PAD I V  PAD V 
Crude and Crude and Crude and Crude and Crude and 

. Unfinished Product Unfjnjsbed. Product Unfinished Product Unfinished Product Unfinished. Product 

Domestic Production 31 - 1 , 1 69 - 6,507 - 675 - 1 ,254 
Natural Gas Liquids 24 - 243 - 1 ,307 - 34 - 52 
Receipts from Other 

Districts 
Marine: 

I l l  to I 720 1 '1 9 1  
V to I 2 3 
l l l to V  - - - - - - - - - 9 

Great Lakes/Ohio River 
II to I 1 0 1  31 

.._, I Mississippi Barge 
.._, I l l  to I - 64 

I l l  to I I  - - 49 2 1 3  
Pipeline 

I to I I  - - - 1 20 
I I  to I 1 2  56 
I I  to I l l  - - - - 3 72 
I l l  to I 5 1 ,442 
I l l  to l l  - - 1,406 322 
I l l  to IV - - - - - - - 27 
I l l  to V - - - - - - - - - 51 
IV to I 1 0  - - - - - - - 8 
IV to I I  - - 274 2 1  
IV to I l l  - - - - 8 - - - 30 
IV to V - - - - - - - - - 50 

I mports 662 1 ,784 3 1 7  54 3 2§. 48 __§! 402 82 

Total Supply 1,567 4,571 3,458 730 7,828 130 757 36 1 ,746 192 

SOURCE: U.S. Department of the Interior, Bureau of Mines, Mineral Industries Survey, "Cfude Petroleum, Petroleum Products and Natural-Gas-Liquids: 1970" ( F inal Summary) 
Washington, D.C., December 23, 1971.  
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MODES OF TRANSPORTAT I ON AND STORAGE 

Import  of petro l eum into the Un i t ed States can be accomp l is he d  
e ither w i th waterb orne or w i t h  over l and transportat ion sys tems . 
The inherent l imitat i ons in b o th supp ly and demand proj ections 
cause this s tudy to deal only in general terms of requirements , to 
consider only the more des irab l �  sup p ly methods and t o  reference 
only maj or supp ly/dis tribution altern a t ive s .  P ipeline del ivery 
has b e en we l l  e s t ab l ished as the mo s t  des irab le mode for l ong d i s 
t ance ove rland movement . The most  advantage ous means o f  transport
ing required long dis tance waterborne crude imports t oday is by 
us ing VLCC typ e ve s s e l s  in comb inat i on with deepwater terminals 
and p ip e l ines conne cted to consuming re f ineries . 

Marine Transportati on 

The primary categories o f  v e s s e l s  whi ch are of interest to 
t h i s  s tudy and ar e us e d  to transport p e tr oleum include : 

• Very large crude carr iers (VLCC ' s ) 

• Transhipp ing ve s � els (crude o i l )  

• Product v e s s e ls 

• Ocean - going barge s / inland barge s .  

Crude Movements 

Waterborne petroleum imports  are proj ected to be s ome 6 to 1 1  
MMB / CD by 1 9 8 5  with mo s t  o f  t h e  incr e a s e  from current leve ls exp e ct 
e d  t o  come from the Pers i an Gul f .  

For the long dis tance hau l s  from the Pers i an Gul f  or Afri c a ,  
the mo st economi cal and environment a l ly s a fe sys tem t o  rece ive 
the o i l  is v i a  direct shipment from supply s ource to the refining 
cen ter in a comb inat i on o f  VLCC ' s  and properly de s i gned deepwat er 
crude unloading t erminals . *  

VLCC is  a general  term app l i e d  t o  t ankers o f  greater than 
1 5 0 , 0 0 0  mean deadwe i ght ton ( 1 5 0  MDWT) displacement . While  specific 
s i ze s  ( s uch as  2 5 0  MDWT , 3 5 0  MDWT , 5 0 0  MDWT , e tc . )  are used in 
individual economic evaluations , the term VLCC does conno te cer 
tain minimum r equirements - - p r imarily  s i z e  ( 1 5 0  MDWT minimum) an d 
required water depth (for 2 0 0  MDWT v e s s e l s  about 6 5  feet draft p lus 
c l e ar anc e) . However , the larges t s hips currently p l anned today may 
require 1 2 0  feet of water . The economi c s  of s i z e  enab l e  VLCC ' s  t o  
transport crude more economically o n  longer hauls than can smal l e r  

x For extens ive envir onmental and cost/benefit analy s i s  of 
u s e  o f  VL CC ' s  for U . S .  impor t s , see U . S .  Dep artment o f  Army , Corps 
of Engineer s , u . s .  De epwa t er Port Study , Inst itute for Water Re 
s o urce s , Was hington,  D . C . , Augu s t  1 9 7 2 .  
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vess e l s , providing port facil i ti es are ava i l ab le to hand le the 
VLCC ' s .  In order to h andle such vess e l s , ports  mus t  have berths 
o f  s ufficient cap ac ity and leng th and adequate t ankage for un l o ading 
ful l cargoe s . For shorter distances (movement wi th in the We s tern 
Hemi sphere ) , smaller ve s s e l s  may p rovide a more economical total  
transport s y s t em when addi t i onal maj or terminal inves tments ( dredgin g ,  
berth and tank cons truction) are cons idered for handl ing the VLCC ' s  
l arge cargoe s .  

In crude trans shipp ing , larger ve s s e l s  are ut i l i z ed for the 
ini t i a l , longer port ion o f  the transportat i on movement , wi th the 

· s e cond s t age s h orter haul be ing moved directly t o  th e consuming 
term inal or re finery in ve s s els s i ze d  to meet the terminal rece iving 
capab i l i ty .  I l lustrative o f  this type o f  transp ortation s ys t em are 
the exist ing and propos ed term in als in eastern Canada and the C arib 
b e an . These terminals can rece ive crude in VLCC ve s s e l s  and t h ert 
transship this crude t o  East and Gulf Coasts demand centers in 
smal l e r v e s s e l s  ( roughly a r ange of 40  to 7 0  MDWT for ful ly l o aded 
ve s s e l s ) . In  many ca s e s , trans shipping can p rovide sub s t ant i a l  
s avings over direct movement i n  small ve s s e l s , however ,  i t  doe s  
n o t  r educe the numb er o f  ves s e l s  c al l in g  a t  the final del ivery 
po int . Sub s t antial reduc t i on in ve s s e l  traffic is provided by dir
e c t  movements to area deepwater terminals an d final del ivery by 
p ip e l in e .  

A further alternative for importation o f  crude i s  v i a  direct 
movement from the crude s ource t o  the ref ine ry in ve s s e l s  o f  s i ze 
s im i l ar t o  trans shipp ing ve s s e l s  ( i . e . , roughly 4 0  to 7 0  MDWT or 
larger if l i ght ered) . Whi le this method e l iminates the t ermin alling 
s tep involved in the trans shipping case , the di s t ances invo lve d 
from the Per s i an Gul f make trans shipping a more des irable alternat ive 
for e conomi cal petroleum supply to the Nat ion .  

P ro duct Movements 

Product marine movements are general l y . direct from refin e r i es 
t o  dis tr ibut i on t e rmin als or large consumers .  Included in this 
category woul d be U . S .  Gul f to  Eas t  Coast product movement as well  
as p roduct impo rts . Use o f  VLCC ' s  i s  not  attract ive for  this  type 
move be cau s e  of the widespread demand and the numb er of terminals 
involve d .  Maximum l oa ded v e s s e l  s i zing (r oughly 50 to 7 5  MDWT in 
t he Un ited  State s )  is controlled by port water depth ; however , few 
exis t ing terminals  h ave s u ff i c i ent do ck capacity or tankage ava i l 
ab i l i t y  t o  rece ive ful l 7 5  MDWT pr oduct ve s s el s . 

Should increased  petro leum demands be met by r efining cap acity 
cons t ructed a t  o ffshor e  lo cat ions , then product imports  would 
nece s s ar i ly increas e .  Inde e d ,  in the near term , the l a ck of con
s truct ion o f  new onshore refining capacity will require that growing 
demands b e  met by maj o r incre as e s  in product imp ort s ,  whi ch w i l l  
cont inue to g r ow unl e s s  dome s t i c  refining cap ac ity i s  adde d .  

By 1 9 8 5 ,  PAD District  I import levels w i l l  h ave increased to 
b e tween 5 . 8  and 8 . 2  MMB/CD . Without add i t ion of dome s t ic refining 
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cap acity , the incre ased pro duct demand wi l l  l ike l y  be me t through 
waterborne imports from offshore refineries . In this cas e ,  pro 
duct impo r t  levels to PAD D i s trict I alone woul d  b e  in the 4 . 3  t o  
6 . 7  MMB /CD r ange , two t o  three time s that o f  1 9 7 0 .  As suming these 
imp or t s  were t o  move in aver age 4 0  MDWT ves s e ls (whi ch is l arger 
than the current average dock capacity o f  the maj or ity of East 
C o ast terminals)  , product imports al one into Dis trict I could a ccount 
for  b e tween 5 , 0 0 0  and 8 , 0 0 0  s hip ca l l s  p e r  year . 

P ro duct movement via b arg ing o r  a t anker/barge trans shipment 
mo de is an a l ternat ive to direct tanker movements .  S ince b arges  
normally do not carry volume s as large as thos e  whi ch can be handled 
on tanker s ,  shore tankag e requiremen ts are generally l e s s . New 
des igns have a l l owed improved barge handl ing by mo re rigid tug/b arge 
conn e ct ions ut i l i zing "no tched" barges . Sma l l  barges draw l e s s  
water than comp arable  tanke:rs and hence can s ervice shall ow water 
termina l s . Als o ,  manning requirements are g ene rally less on a b arge 
operat ion than on convent ional tanke rs o f  c omparable s i ze ; however , 
barge speeds are n ormal ly lower than tho s e  o f  t ankers . 

B arg ing for short to intermediate move s , as  we l l  as longer 
moves up the Mis s i s s ippi  River from Gulf r e f ining centers , has g a ined 
in popularity where the wate rways p ermi t  r ea l i z a t ion of economi c 
advantages a s s o c i at ed with larger barges ( 2 0 0  to 2 5 0  MB per ve s s e l )  
and t h e  r educed op erating cos ts . On longer movements ( Gulf to E a s t  
Co as t ) , t he e conom ics o f  s i z e  tend t o  favor ut i l i zat ion o f  the l arger 
t ank ers . 

Environmen t a l  Cons iderations 

One imp ortant ob j e c t ive in handling incre a s ing vo lumes o f  
imp or t s  i s  t o  min imi z e  any adver s e  impact o n  the envir onment . U s e  
of VLCC ' s  make it p o s s i b le to reduce t h e  t o t a l  numb er o f  s hip s r e 
quired t o  import pe tro leum which thereby r educes  the chance of 
co l l i s ions . Fur thermore , s ince VLC C ' s  require 7 0  to 1 0 0  foot water 
depths (wh ich i s  more than ex i s ting termin als on th e East  and Gulf · 
Coasts  have ) , new deepwa ter unlo ading s i tes can m inimi ze the intru
s ion o f  tankers int o exist ing inner harb ors , thus reducing the r i s k  
o f  gr oundi ngs . U s e  o f  these terminals  w i l l  n o t  only permit a reduc
t i on in t o tal numb er o f  ve s s e l s  required t o  import  crude but would 
a l s o  minim i ze the numb er of sma l l er t ankers us ing exis ting ports  
and h arb ors . Thi s  combined effect w i l l  s ub s t ant ially reduce mar ine 
tra,ffic cong e s t i o n .  Historical  data on co l l is ions and gr oundings 
in dica t e  that mO s t  o i l  sp i l l ing acc i dents o ccur where harb or con
g e s t i o n  is  great and when the maneuver ing o f  the s hips is  restr i c ted 
b y  n arrow winding channe l s . *  

I f  the s i z e  o f  the ship carrying imported crude o i l  i s  h e l d  
cons t ant , then there mus t  b e  a great incr ease in traffic to han dl e  

* Porri ce l l i ,  Joseph D . , Keith , Virgil  F . , and Storch , 
Richard L . , " Tankers and Ecology . "  P ap e r  p r e s ented a t  the Annual 
Me e t i ng of the S o c i e ty of Nava l Architects  and Marine Engin eers , 
New York , Novemb er 1 1 - 1 2 ,  1 9 7 1 .  
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the increas e d  vo lume s proj ected.  In 1 9 7 0 ,  there were approximately 
4 ,  0 0 0  s hip unl oadings to handle p etroleum imports  t o  the Un ited 
Stat e s . The s e  ships ave raged 30  MDWT . I f  p roj ected 1 9 8 5  imports 
( C a s e  I I I )  use this same ave rage ship s i z e , then traffic would 
increase to approximate ly 1 8 , 0 0 0  annual s hip cal l s . I f  the s hips 
ave raged 7 5  MDWT ( the larg e s t  l o aded s i z e  currently handled on 
the East Coas t ) , 7 , 5 0 0  ca l l s  would b e  neede d .  Port congest ion 
from the s e  ships would sub s t antially increase the opportunity for 
acc idents and perhap s  in creased water p o l lut i on .  I f ,  on the o ther 
h and , the imports arr ived in s hips of optimal s i ze ( including VLCC ' s  
averaging 2 5 0  MDWT) , total activity could b e  reduced be low the 1 9 7 0  
l eve l t o  about 3 , 00 0  annual s hip cal l s . 

As indi cat e d ,  product imp orts into PAD District  I alone could 
account for s ome 5 , 0 0 0  to 8 , 0 0 0  annual s hip c a l l s  moving on tankers 
i f  incre ased  product demanus were met through imports from offshore 
r efineries . These movements would mo s t  probably b e  made directly 
t o  the demand terminal s ,  normal ly l o cated within the inner harb o rs , 
and would add to s hip cong e s t ion in the inner harbor areas where 
maneuver ing is  mo st restricted.  

The criteria o f  terminal efficiency inc l udes , in  addition to  
speed  and economics , the  assurance o f  environmentally s afe opera
t i ons . With the equipment p o s s ible  under the exist ing techno l o gy , 
near p o l lution-free operat i on is  attainab le .  F o r  examp l e , a current 
government rep ort indicates that the Mi l ford H aven port is op e rating 
with  a l o s s  of l e s s  than . 0 0 0 4  percent of the o i l  h andl e d . * The 
M i l ford Haven terminal has no exo t ic p o l lut i on contr o l  equipmen t .  
Good  des ign and adh eren.ce t o  good operating pro cedur es have resul ted 
in this typ e o f  operating record.  

E co nomics  

H i s to ri cal l y ,  much o f  the crude o i l  run i n  East Coast  ref in
e r i e s  has come from the Gulf Coast region.  However , as the Gul f  
C o a s t  g o e s  from a crude s urp lus t o  a crude de f i c i t ,  the avai lab i l ity 
o f  dom e s t i c  crude for the E a s t  Coast refine r i e s  �ill  b e  e l iminated.  
I n  1 9 7 0 , about 55  p e rcent of East Coas t refinery runs utili zed 
dome s t i c  crude . However , for the f ir s t  h a l f  of 1 97 2 ,  only 29 p � r 
cent w a s  domes tic , whi l e  a lmo s t  4 5  percent w a s  imp orted from the 
E a s t ern Hemispher e .  Soon the maj ority o f  crude g o ing t o  the E a s t  
C o a s t  w i l l  come from t h e  East ern Hem i s phere (primarily Pers i an Gul f) . 
Other a dvantages  aside , uti l i z ing VLCC ' s  o n  l ong h au l s  will  prov ide 
the consumer the most  economical supply o f  p etro leum products . 

Economics  o f  waterb orne movements favor use of the larg e s t  
s h ip p o s s ib l e . t  F igure 1 2  s hows t h e  relat ionship o f  vessel  s i z e  

* U . S .  Dep artment o f  Comme rce , Mar itime Administrat ion , 
Feas i b i l i ty o f  a North At l antic  Deep Water O i l  Terminal , "  Execut ive 
P ap e r , 1 9 7 2 .  

t For general d i s cus s i on of r e l a t ive c o s t s , s e e  Cooke , Robert ,  
"Modern Con cepts o f  Ocean Transport ation o f  Petro leum , "  American 
S o c i e ty of Mechanical  Eng ineers , August 1 9 6 8 .  
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t o  re lat ive c o s t  for a 1 0 , 0 0 0  m i l e  voyage , whi ch is s light ly l e s s  
than a typi cal P er s i an Gulf t o  North Atlant i c  voyage . Thi s  figure 
shows the cost of transportat ion via a 2 5 0  MDWT ves s e l  i s  about 
two - thirds th at of a 7 5  MDWT ves se l .  

I n  the case o f  long dis tance crude movements , construct ion o f  
o ffshore deepwater · terminals  permits the direct movement o f  crude 
us ing VLCC ' s  t o  l o cations where it can be. p ip el ined ashor e ,  Tr ans 
s hipmen t p tovides e conomies Over moving a l l  crude s directly in 
smal l  ve s s e l s  ( s ee Table  2 2 ) . Howev e r , tran s s hipping doe s not 
r educe the u l t imate numbe.r o:t; ship cal l s .  

VLC C  D·eepwate r  Crude Unl oading Terminal s 

As the e ar l i er district  supp l y  b a l ances indi cate d ,  there w i l l  
b e  increased p e tr o leum defi c i t s  in D i stri cts I ,  I I  and V .  Exis t ing 
U . S .  terminals are l imited pr imar i ly by water depth from uti l i z ing 
VLCC ' s in f i l l in g  such demands . *  Thus , deepwate r · termina l capac ity 

* Problems o f  deepening exi s t ing h arb ors include phy s ical 
ob stacles  (relo cat i on o f  b r i dg e s , tunne l s ,  terminal s ,  e tc . )  and rock;  
env i r onmental problems ( handl ing o f  dredg ing , d i s l o c at ion o f  mar ine 
l i fe ) ; p o l i t i cal competiti on for ( ag a in s t )  faci l i t i es , and cos t .  
The Corps o f  Eng ineers Report  (op . c i t . ) and U . S .  Dep artment o f  
Commerce , The Economics of Deepwater Te rmina l s , Washington , D . C . ,  
1 9 7 2 , go  in t o  these problems further . 
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TABLE 22 

INCREMENTAL CRUDE 01 L SHIP CALLS TO U.S. EAST COAST 
FROM PERSIAN GULF-1970-1985 

(MMB/CD) 

Approximate 
Difference Ship Calls Per Year* 
Over Base 

Vessels Employed ($/Bbl) Case I I  Case I l l  

V LCC Direct (250 MDWT) Base 650 1 , 1 00 
VLCC with Caribbean Transshipping Terminal 

(40 MDWT Transshipping Vessel) 0.25 4,000 6,800 
75 MDWT Direct ( Excluding Lightering Vessel Calls) 0.40 2,150 3,650 

Based on increase in imports over 1 970: Case I I ,  3.3 f'v1MB/CD; Case I l l ,  5.7 MMB/CD. 

is needed to s erve the Nation ' s  maj or concentrat ions o f  re fining. � 
the New York.Phi lade lphia areas on the E a s t  Coast , C apl ine Midwe s t ,  
the upp er Texas Gul f Coast and the West Coas t .  . Table 2 3  out l in e s  
exis t ing p o r t  r e s t r i c t i ons . 

Un l o ad ing fac i l i ties for VLCC ' s ,  bui l t  as  cl o s e  as pract i c a l  
t o  t h e  coastal  r efining cente r s , r e s u l t  i n  t h e  lowest cost  system 
of operat i o n .  Thi s would ideal ly p l ace t h e  un l o ading fac i l i ty j ust 
o f f s ho r e , with onshore dis tribut i on made by p i p e l ine . �  The s it e  

TABLE 23 

EXISTING PORT RESTRICTIONS (DRAFT AND DEADWEIGHT) 

Estimated Estimated 
Fully Loaded Light Loaded 

Draft Vessel Size Vessel Size 
U.S. Refining Area (Feet)* (MDWT)t (MDWT)t 

N.Y. Harbor (Stapleton Anchorage) 45 80 
(Arthur Kill, South End) 36 35-40 1 00-120 

Philadelphia 38.5 45-50 1 00-125 
Louisiana (Capline) 39·40 50 1 00 
Houston 39·40 50 1 00 
Los Angeles/Long Beach 35/5 1-52 30-35/ 1 00 80/120 
San Francisco ( R ichmond) 36 . 30-35 1 00-125 
Seattle (Cherry Point) 60 1 30 130 

* These values represent going maximum draft limitations at terminals. Cap line (at  St. James) is fresh water. 

t Vessel dimensions vary considerably. The sizes shown are considered representative; however, in most every case there 
are larger vessels of equivalent draft. Such special design vessels may have sacrificed other characteristics such as investment 
or operating speed to achieve such dimensions. 

' 

:j: Vessels Jightered to draft available. Channel and berth limit size of ship. For detailed discussion of lightering, see 
Corps of Engineers report, U.S. Deepwater Port Study, lWR 72-8 ( 1 972). 

* For  i llustrat ive c a l culat ions c omp aring deepwater o ffshore 
o i l  t e rmin a l s  w i th and wit hout p ip e l in e  s ervice , see Soros As s o c i 
ates , I nc . , Offs h or e  Termi n a l  Sy s tem Concep t s ,  1 9 7 2 .  
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mu st h ave s ufficient deep water , adequate s he l ter from s torms , un 
cong e s ted app r o aches from t·he s e a  and minimum potential for env iron
mental disrup t i o n .  

I n  add i t i o n ,  if  it  is not  a t  an exist ing t ermina l or re finery , 
the s i te s hould have an on shore area suitab le for o i l  s t orage 
fac i l i ti es and acc e s s  to a suff i c i ent infras tructure for support of 
the fac i l i t y .  Specific s i te l ocat i ons for deepwater terminals are 
cur rently under study by governmental and indus try group s . Much 
work has b e en done by the Corp s of Eng ineers (previ ous ly cited) , 
whi ch i s  r e spons ib l e  for devel opment of harbo r s . The Council o n  
Env i r onmental Qual ity i s  making exten s ive stud i e s  o f  s even locations . *  
The Marit ime Admini s t ration has  comm i s s i oned the Soros s t udy ( p r e 
v ious l y  c ited) o f  a mult ipurp o s e  terminal o f f  the De l aware Coas t .  
Jo intly own ed t e rminals  have been s t udied in the lower De l aware Bay 
area , off Louis i ana and the Texas Gul f  Coast ; individual proj e c ts 
have b e en d i s cus s e d  for many additi onal s i t e s . t  However , there 
have b e en s p e c i f i c  rej ections or l e g i s l a t iv e  p rohib it ions of s e veral 
VLCC t erminal prop o s a l s  on the East Coas t . ( S i t e s  included are 
Machiasport and Se arspor t ,  Ma ine and Delaware B ay ,  De l aware . )  

. . 

Two o r  p o s s ib ly mo re terminal s may be required in areas where 
t o t al ·crude requir�men ts of individual refiners exceed the economic 
throughput of a s ingl e t erminal . Cons truction o f  more than one 
terminal w i l l  a l s o  a l l eviate marine t r affic conge s t i on whi ch woul d  
o therwi s e  o ccur in the vicinity o f  a s ingle  terminal . 

VLCC Terminal Design 

The s tudies ment ioned previous ly (Corps of Engineers , Soros , 
e tc . )  pre sent detailed informa t i o n  on VLCC t e rminal design.  Let  
i t  �uffice here  only t o  out l in e  the  general criteria  and typ es o f  
des ign generally  cons idered . 

The ideal  o ffsho re unl o ading fac i lity s hould a l l ow max imum 
b e r t h  occup ancy under prev ai l ing weather condit i ons , fast  total 
turnaround t ime and a reasonab l e  inve s tment and operat ing cost . 
I t  should b e  s af e , environment a l ly s ound and consis tent with p r oven 
t e chn o l og y . 

Mul t ip l e -u s e  offshore deepwate r  p o r t  concepts ( i . e . , crude , 
c oa l ,  or e ,  e tc . )  compromise  the s afety , effic i ency and e conomics  
o f  s ingle - u s e  crude fac i l it i es . Sp e c ia l i zed equipment and tech.
n o l ogy have been develop e d  for use in terminals  whi ch handle c rude 
unl o ading only . Mul t ip l e - u s e  p o r t s  are undes irab le be cau s e  they 

* S e e  U . S .  Congre s s , Senate Commi ttee on Interior and Insular 
Affair s ,  Deep Water Port P o l icy Is s ue s , Serial  No . 9 2 - 9 6 , Apr i l  
2 5 ,  1 9 7 2 .  

t The Pre sident,  in his energy m e s s a ge t o  Congr e s s  of Apri l 
1 8, 1 973, prop o s e d  l e g i s l a t i on fo r Congr e s s i ona l consideration 
granting the Depar tme n t  o f  In terior authority to lice nse de epwater 
t ermina l s  in fe der a l  water s .  
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invo lve more comp lex designs and op erat ing procedur es and . attract 
incre ased ve s s e l  traffi c .  Cons equent ly , s uch ports result in 
h i gh e r  inv e s tment and operat ing costs  and unnecess ary increas e s  in 
marit ime and t erminal op erat ing risks . 

Typ es o f  faci l i t i e s  used for VLCC crude terminal app l i cat ion 
in cl ude : s e a  i s l ands , fixed piers , multipoint mooring systems and 
s in g l e - p o int mo oring sys tems (monobuoys or S PM) . There are varia
t ions o f  e ach typ e in us e ,  and each has its  advantag es and d i s ad
v an t ages , dep ending upon l o cation and des i g n  criter i a .  

Where s heltered deepwater s i t e s  occur naturally , a conven 
t i onal fixed p ier type terminal may be suitab l e . Howeve r ,  in un
prote cted areas where weather can be troub l es ome , the fixed b e rth. 
sys tem would b e  both expens ive and h ave a lower berth ut i l i z at i on 
factor than a monobuoy . With a conven t i onal p ier type termin a l ,  
the moored v e s s e l  h as a fixed direc t i on and und�r gdver s e  weather 
condi ti ons can imp o � e  he avy str e s s e s  on the termin al fac il i ty .  
This  factor a l s o  app l i es t o  the mul t ip o int mooring s ys tem because 
u t i l i zation is  l imited by the direct ion of the  p revai l ing s e a s  
r e l at ive t o  the  head ing of t h e  systeJTl . Conve r se ly , t h e  monobuoy 
des ign a l l ows the tanker to swing around the buoy with wind and 
current changes  p ro viding a h igher ut i l i zati6n fact o r .  I t  als o  
provide s  more s afety in the un lo ading op erat ion in open s e a  con
diti ons . The fixed berth de s ign i s  gener a l ly l imited to about 
3 foot waves which are o ften exceeded in op en s e as . · Monobuoy 
des igns , on the  o ther h an d ,  can s afely conduct unl oading op erations 
in up to 1 0  to 1 5  foot seas . 

Cargo Preference Leg i s l at i on 

Cargo p r e ference b i l l s  such as  those which have recently b e en 
b e fore Congr e s s  woul d ,  if  enacted , directly and negatively affect 
the e conom i c  f e as ibil ity o f  U . S .  re fining . Whi le the most recent 
b i l l  before the Senate was defeated , there w i l l  undoubtedly b e  
cont inuing attemp t s  t o  imp o s e  U . S .  fl ag ve s s e l  pre fe rence s for 
th e s hipment of imported o i l .  

The j us t i ficat ion for cargo p re fe rence leg is l at ion , whi ch 
would require a certain percentage o f  oil  imp orts to be carr ied in 
U . S .  f l ag ves s e l s , is the creat i on o f  in�ent ives to build up and 
maintain a heal thy and viab le U . S .  flag fl e e t . Al though s uch l e g i s 
lation is  intended to improve and bene f i t  dis tre s s ed conditions in 
the American Merchant Marine fl e e t ,  i t  r a i s e s  far more s erious 
prob l ems and comp l i c at ions with reg ar� t o :  ( 1 )  U . S .  r e l at i onships 
in internat i onal trade , ( 2 ) the economics of the dome s t i c  refining 
indus try and ( 3 )  future c o s t  o f  ene rgy t o  Amer ican consumers . 

Th ere are a great number o f  sub s t antive reas ons why the 
cargo pre ference b i l l s  are contrary to nati onal economi c interests , 
national s e curity obj e c t ive s , consumer obj ectives and specifically , 
to the o i l  refining indus try . 

• The cargo prefe rence l e g i s l a tion would invariably raise 
cos t s  to the refiner whi ch can be expected t o  l e ad to 
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higher retail prices . Thus , there is  a direct and negat ive 
imp act on consume r intere s t s . Moreover , the c o s t  wi l l  
cont inue to rise  as the Un i ted S t ates be comes more depend
ent upon o i l  i mp o rt s . 

Within the framework of the Nat i onal Petr o leum Counc il ' s ' 
Energy Out l ook Report , i t  i s  evident that crude o i l  imports 
could incre as e s igni ficantly thr ough 1 9 8 5 , with mo s t  o f  the 
additional crude imp ort s  originat ing from longer haul s ource s 
in the Eastern Hemisphere . Thus , the " consumer" c o s t  o f  car go 
p re ference would be incr eas ing substant ially e ach y e ar . 

• In the bro ader sense , one o f  the more difficult aspects 
o f  cargo preference l e g i s l at ion i s  that it would be con
trary to the p rincip les  o f  int ernational trade to wh ich 
the , Un ited S t ates has l ong sub s cr ibed . I t  would contra
vene the intent and obj e c t ives o f  interna t i onal agre ements 
b e tween the Un i ted States and o ther countri e s ,  a cons ider
able number o f  which were sponsored by this country . Sp e 
c i f i cal l y ,  i t  would b e  a dep artur e from the long - e s tab l ished 
p rincip l e  o f  fr�edom of choice  o f  carr i er for private goods 
being imp o rted into this country . More over , cargo pre f 
erence l e g i s la t i on could l e a d  t o  a prol iferation o f  special  
b i lateral shipping arrangements which would be contrary to 
the U . S .  p o l i cy of mul t i l ateral trade . 

There can b e  l i t t l e  doub t that such a fundamentally r e 
s t r i ct ive move on the p art o f  the U . S .  Government would 
spur o i l produc ing countries  to retali ate . By impos ing 
cargo pre ference legis lation of their own , they could 
require that a certain port ion o f  ariy o i l  exp orted must 
hence forth be carri ed in their national ve s s e l s . The 
negative effects on the dom e s t i c  refining indus try o f  
s uch p o lariz�d  s hipp ing patterns would be s er i ous t oday 
and woul d b ecome mor e s eri o us as the U . S .  imports  increase 
by l arger volumes of crude from ab road . 

• N arrowing these " f lag que s t i ons" to the o i l  indus try , and 
s pe c if i cal ly to the refining indus try , this ' s tudy refle cts 
a need for  ab out 9 MMB/ CD of additional refin ing capacity 
in the Un ited States  by 1 9 8 5 . C�rgo preference l e g i s l a 
t ion wo uld have a ser ious adverse  effect o n  new ref iner'y 
cons truction t o  me e t  this growing demand for products . 
Such l e g i s l at ion would force re f iner ies t o  imp ort a p o'r t ion 
of their crude in u , s .  f l ag ves s e l s :  This wou l d  mean that , 
a s  foreign crude accounts for a larger and l arger s hare of 
t o t a l  refinery crude input s ,  the .l anded c o s t  o f  the average 
barrel of crude would be highe r . To the extent that re
finer ies woul d have to draw crude incre as ing l y  from the 
Middle E a s t , the l ong hau l would raise c o s t s  s ubs t ant i a l ly .  

Cargo preference legi s l at i on woul d a l s o  s everely affect 
the economics  o f  any incent ive p l an des igned to loc ate new 
he avy fuel or iented refiner i e s  in the Un ited States . Thes e 
p lant s woul d ,run p r imar i ly , i f  not exclus ive l y ,  on foreign 
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crude . Such new U . S .  p l ants woul d ,  however , be comp e t ing 
with exist ing h e avy fuel ori ented refineries l o cated o ff
s hor e . I f  thes e U . S .  refin eries  mus t  use U . S .  f l ag v e s s els 
t o  imp ort a l arge portion o f  their crude , they may we l l  
not b e  compet it ive wi th exis t ing foreign heavy fuel r e f in 
e r i e s . Under such circums t ance s ,  it is  m o s t  l ik e ly that 
re finers would continue to s e e  an incentive to loc ate 
he avy fuel refiner i e s  in the Caribbean and other adj acent 
areas . 

• Any increase in fore ign petro leum imp ort costs would a l s o  
adver s e ly affect the comp e t i t iveness  o f  U . S .  petrochemical 
manufac turers who r e ly up on imported crude for a portion 
o f  their  feedstocks . 

Cargo preference l e g i � l at i on could have adverse  e ffec ts 
on all  exis t ing U . S .  refiner s . The cost of U . S .  tonnage 
in p l ace of foreign t onnage would add to the already h igh 
price  o f  foreign crude . Thus , re finers wil l  become more 
re luctant t o  abs orb the c o s t s  of fore ign crude rather 
than rely on dome s t i c  crude . The result wi l l  aggravate 
the shortage of dom e s t i c  crude and may cause refiner i e s  
t o  spare their capac i t y .  I n  turn , this would aggravate 
the g r owing shortage of petroleum produc ts . 

I f  inde e d  there is  a case for a s trong U . S .  f l ag fleet  
from the  s t andpo int o f  nati onal s e cur ity , then the  sub 
s idies  r equired to build and oper ate such a fleet  should 
be covered by the Merchant Marine Ac t .  I n  fact , a com
p r ehens ive Merchant Marine Act providing construc t ion and 
op erat ing sub s idies i s  a l re ady in e ffe c t .  Under this Act 
U . S .  Gove rnment grants , financed l o ans and direct fede r al 
op erat ing differen t i a l  sub s idies are o ffered . H owev�r ,  
this A ct i s  b as ed on dry cargo and l iner transportation 
conce p t s  whi ch are not r e adily app l i cab le to tanker and 
dry bulk trading . Cons ideration should be given to modi
fy ing and l iberal i z ing the Mer chant Mar ine Act to app l y · 
to the special  needs generated by the bulk segment o f  the 
U . S .  mar i t ime indu stry . 

Pipel ine Trans por tation 

In addi t i on to mar in e  transp ortation ,  p ip e l ines are a maj or 
mode of transpo r t at i on for petroleum . I n  1 9 7 1 , s ome 64  p e rcent 
o f  movements between PAD D i s t r i c t s  were made by p ip e l ine . Genera l l y ,  
p i p e l in e  tran sp ortation c o s t  is  lower than other means of transport 
except pos s i bly direct water transpor tat ion o f  s i gn i fi cant s i z e . 
H oweve r ,  p i p e l ine c o s t s  include a h igh cap i t a l  inve s tment in fixed 
f a c i l i t i e s . Hence , substant ial movement o f  material assured over a 
long p e riod o f  t ime is  required t o  economically  j us t ify p ipe l in e  
cons truct ion ; 

The increas ing dependence on fore ign o i l  w i l l  neces s i tate 
addit ional p ip e l ine sys tems des igned b o th t o  move crude from o f f �  
shore un l oading t e rmina l s  and to transp ort adequate supp l i es t o  
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the many refine r i e s  in the country which do not have dir ect marine 
acce s s . Addit i ona l l y ,  s hould maj or expans ions of r efining cap a c i ty 
o ccur on the Gulf C o as t ,  it  is  logical  t o  as sume that there wi l l  be 
incr e as ing numb e r s  of product p ip e l ines for moving products from the 
Gulf Coast to b o th the Midwe s t  and the East Coa s t .  The need for 
p ip e l ine capacity t o  the inland ref iner is unde r l ined by the survey 
results  wh i ch indi cate that the 1 9 7 8  PAD D i s t r i ct I I  crude runn ing 
cap acity is  not mat ched by crude receipts , with a deficit of 0 . 4  
MMB / CD . 

Env ironmental Cons iderations 

Routes for crude p ip e l ines have b e en e s t ab l i s hed from exi s t 
ing dome s t i c  produ c ing areas t o  refin ing are a s . Maj or product 
p i p e l in e s  run from PAD District  I I I  to Di s tr i c t s  I and I I , as we l l  
a s  within PAD D i s trict s .  However , new p ip e l ine routes may be come 
mo r e  difficult to create bec aus e  o f  environment a l  r e s t r i c t i ons . 
The North S l ope Alaskan p i p e l in e  i s  a re cent ex amp l e  o f  the diffi 
cul t i e s  invo lve d .  Much p ip e l ine cap acity may b e  added to exist ing 
sy s t ems by add i t i on of p ar a l l e l , j o ined l ines ( " l o op ing" systems ) , 

TABLE 24 

INTERDISTRICT PIPELINES 

Crude Products 
Dianleter 

To � Major Lines ( I nches)* From Major· Lines 

PAD I Canada I nterprovincial 1 2  I l l  Colonial 
I I  t Plantation 

I I  t 

PAD I I  PAD I l l  Capline 40 t 
Mobil 20 I l l  Texas Eastern 

IV Amoco 22 Explorer 
Platte 20 
Arapahoe 1 8  IV t 

Canada Lakehead 1 8, 24, 34 

PAD I l l  IV Texas/New Mexico 1 6  I I  t 

PAD IV Canada t I l l  t 

PAD V I l l ,  IV t I l l  t 
Canada Trans Mountain 20 IV Southern Pacific 

* Une size is only very rough measure of potential capacity. Pump stations, line pressure and stock handled also 
affect capacity. 

t I ndicates numerous smaller lines. 
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TABLE 25 

COMPARATIVE SUPPLY CONSIDERATIONS 

Importation Supply (Persian Gulf) 

Cost 
Environmental Risk 
Security Risk 
Flexibil ity 

I nter-1 ntra District Supply 

I n itial I nvestment 
Operating Cost 
Inflation Effect 
Environmental Risk 
Security Risk 
Flexibil ity 

VLCC 

Lowest 
Lowest 
Equal 
Lower 

VLCC/40 MDWT 
Transship 

Mid 
High 
Equal 
Higher 

Pipeline 

High 
Low 
Low 
Low 
Equal 
Limited 

75 MDWT 
Direct 

Highest 
High 
Equal 
Higher 

Marine 

High 
Higher 
High 
Higher 
Equal 
High 

as wel l as by increas ing the numb e r  o f  pump ing s tat ions along p ip e 
l ine r oute s . Current maj o r  interdi s trict p i p e l ines are out lined 
1n Tab le 2 4  including s ource , d e s t ination and nominal diame ter . 

T ab le 2 5  summa r i z e s  comparative s upply cons iderations for 
imp o r t  and int e r - and intradi s trict  transportation systems . 

Rai l and Truck Transportation 

Rail and truck fac i l i t i e s  are curr ently used primar i ly to 
transp ort specialties  ( lube s ,  aspha l t  and l i quid petroleum gas 
( LP G )  p roduct s )  from refine r i e s  to termina l s  or cust omer l o cations , 
as  w e l l  as  motor gas o line t o  the retail  outlets . Movements of 
crude by r a i l  h ave been e s s en t i al ly e l iminated,  whi le crude mov e 
ment b y  truck i s  p rimar i ly l im i ted t o  a field gathering mechanism.  

Rail and t ruck transp o r t at i on i s  normally more expenis.ive than 
p ip e l i ne o r  water movement and , therefore , i s  used only where alter
nat ive modes are  not ava i l ab l e . As  a broad general i zation , rail  
transp ortation be comes more e c onomical  than trucking on  dis tanc es 
over 2 0 0  to 3 0 0  m i le s . I n  the  longer range , i t  app e ars that special
t i es ( lubes and asphalt)  w i l l  cont inue t o  move by rai l and truck t o  
ac commodate future growth leve l s .  Howeve r ,  products such as  LPG , 
which now compri s e  a p o r t i on o f  r a i l  movements , will  decrease in 
movement due to competit ive advantages of p i p e l ine and truck s y s t ems . 
The future rai l movemen ts shou l d ,  therefore , comp r i s e  a decreas ing 
portion of petro leum transportat ion . 
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S t orage Fac i l i t i es 

Refinery s torage may be divided by typ e o f  inventory ( crude , 
int ermediat es , produc t s )  as well  as  by us e (receipt or s hipping , 
working or s e a s ona l , ava i l able or unavai l ab le ) . Storage cap ac i t i es 
derived from the NPC que s t i onnaire ,  .with response covering 9 0  p er -
cent o f  U . S .  re fining capacity , are s hown on Tab l e  2 6 .  · 

Tankage volume i s  a function of demand and means o f  trans 
p o rtation.  Working vo lume i s  g enera l ly s uff ic ient to hand�e the 
maximum receipt rate with normal withdrawals . Hence , when a p i p e 
l in e  supp l i e s  a refinery at es s ent i a l ly refinery operating cap ac i ty , 
l i t t le crude tankage may b e  required except for p rotect ion and . 

· 
f lexi b i l ity . However , when crude i s  del ivered by s hip , tankage 
volume is equal to the s h:lp s i z e  plus a l l owance for v ar i at ion in 
shipping s chedule . The s ame princ iples  apply to p roduct s hipment 
i . e . , rate and means of s hipmen t affect vo lume . In addit io n ,  the 
volume of product t ankag e is influenced by s e a s onal demands for 
products . 

Future crude tankage volume requirements wi l l  be affe cted 
by the incre ase d  p er centage of imported crude , movement o f  crude 
over greater dis t ances , as we l l  as the incre ase in average ve s s e l  
s i z e .  At the s ame t ime , p roduct t ankage requirements wi l l  a l s o  
increase due t o  increas ing demand leve ls . The optimum amount o f  
t ank age a t  a refinery i s  a funct i on o f  the s i z e  and frequency o f  
crude arrival s and p r o duct s hipments . The trade - o ffs are exce s s  
tankage on the one hand o r  t anker delay,  commingled stocks or 
r efinery downtime on the o ther , A common guide of exper ience in 
s i z ing marine crude r e ceiving tankage is to provide a min imum o f  
1 0  days .operat ion p lus o n e  (maximum) ves s e l - s i z e  tankage volume . 
Numb e r , typ es and r e l a t ive amounts o f  s tocks a l s o  affect the ab s o 
lute volume o f  tankage requir e d .  

Crude Tankage Capacity 

Available 
Unavailable 

Total 

TABLE 26 

PETROLEUM STORAGE CAPACITIES 

I ntermediate/Product Tankage Capacity 

Available 
Unavailable 

Total 
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Shell Capacity 
Days of Crude Run 

22 
-2. 
31 

65 
n. 
88 



PAD D ISTR I CT REQU I REMENTS FOR TRANSPORTAT I ON AND S TORAGE FAC I L I T I ES 

The pre ceding mat erial has o ut l ined the typ e o f  faci l i t i e s  
required t o  handl e the added volume o f  imports  which wi l l  be r e 
qu ired t o  s a t i s fy incre asing energy demands . The s e  faci l i ti es 
include imp o r t ing crude t ankers , deepwat er terminals and p ip e l in es 
t o  in terior  dis trict  refineries . Tab le 2 7  outl ines proj ected c o s t s  
a s s o ciated with handl ing t h e  incre ased v o lumes o f  imports . Addit i on
al l y ,  but not included within these e s t imat e s , substantial  fac i l i t ies 
w i l l  be nece s s ary to handl e intradistrict  r equirement s - - the North 
S l ope Al askan p i p e l in e , tankers for crude movement from Alaska to 
the West Coas t and intradi s trict p ip e l ines . The magni tude of 
these  fac i l i t i e s  can only be roughly approxima ted ; however , cost  
e s timates at the  $6  to $ 8  b i l l ion l eve l app e ar r e as onable . 

The Base  Case as sumes that a l l  increases  o f  imp orts are in 
the form o f  crude o i l  del ivered directly to the  consuming distr i c t .  
Hence , increas e s  i n  PAD Distr ict I imports g o  dire c t ly to District  I ;  
D i s t r i ct I I  imports ( aft er Canad i an rece ip t s )  are moved from Gul f  
VLC C  terminals  via p ipe l in e  t o  Dis trict I I .  The total  inves tment 
in t anke rs , t erminals and lines was $ 7  to $ 1 4  b i l l i on . 

As  an a l t ernat ive , a Memo Case cons idered supp lying PAD Di s 
trict  I demand by imports  into the U . S .  Gul f  and subsequently trans 
p o r t ing r e fi ne d  product s to the East  Coas t . Both p ip e l ine and t anker 
cap a c i ty was p r o j e cted f o r  the added 3 . 3  MMB/ CD movement . The cost  
of  the  Memo C a s e  wa s $ 9  to  $ 1 6  b il l i on.  

The s e  e s t imat e s  proj ect a l ower l imit to inv e s tments required,  
due to ut i l i zat ion o f  1 9 7 0  do l lars , as  we l l  as t o  exclus ion of the 

Base Case 
Memo Case: 

TABLE 27 

TRANSPORTATION AND STORAGE REQLJ I R EMENTS* 
FOR HANDLING I NCREASES IN O I L  IMPORTS-1971-1985 

(Billions of Dollars-1970) 

Case 1 1-High Oil Finding Rate 
Domestic VLCC 

VLCC's Ships Terminals 

4.6 1 .2 .3 

If PAD I I mports Are Refined 
in PAD I l l  4.6 2.3 .3 

Case I l l -Low Oil Finding R ate 
Base Case 1 1 .4 .8 
Memo Case: 

If PAD I I mports Are Refined 
in PAD I l l  1 1  .4 1 .2 .8 

Pipeline Total 

1 .2 7.3 

1 .9 9.1  

1 .8 1 4.0 

2.5 1 5.9 

* Only terminal' storage included; refinery storage included elsewhere in refinery investment. No working capital included. 
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many intradistrict additions which w i l l  be required . Add i t ional ly , 
the e s t imates do not include the l ikely subst itution o f  Pers ian Gulf 
crude for de c l in ing We s t ern Hemi sphere p r o duct ion outs ide the United 
S t a t e s . Whi l e  not increas ing the ab s o lut e amount of imports  in 
i ts e l f ,  the sub s ti tut ion w i l l  encourag e rep lacement o f  sma l l  ve s s e l  
d e l iver i e s  by VLCC ' s  with attendant deepwater t ermina l  capabi l i ty .  

CURRENT S I TUAT I ON AND F I RM PLANS : NPC  SURVEY RE SULTS 

The previous p arts of this s e ct on on transportation have out
l in e d  t he vo lume o f  an t i cipated PAD District  de f i c its . Th i s  p art 
r eviews U . S .  refiners ' exist ing f ac i l it i es , firm p l ans and potenti al 
exp an s i ons whi ch are pre sent ly under cons ideration by dome stic r e 
f ine r s  as  ind icated in the NPC que s t i onnaire . 

Crude De l iver i e s  

Re finers rep orted p l ans f o r  incre as ed receipts o f  crude v i a  
water transp ortation.  A s  seen in Tab le 2 8 ,  PAD D i s t r i c t  I I I  and V 
s how the larges t  incre ases . 

However , th ese numb ers may unde r s tate the magn itude o f  the 
p rob lem be cause , as  indic ated in p r i o r  s e c t ions , reported U . S .  re
f inery capacity increases will  not meet demand leve l s . The rep orted 
PAD D i s trict  I waterb orne crude r e c e ip t s  w i l l  increase from 23 per
cent dome s ti c ,  6 2  percent fore ign input level  in 1 9 7 2  to 1 6  percent 
dome s t i c , 71 p ercent fore ign by 1 9 7 8 .  

Re finers have gene r a l ly proj ected crude rece ipt incr eas e s  to 
be equal to.  crude capacity incr eas e s . However , in PAD Dis trict I I ,  
ab out 0 . 4  MMB /CD o f  crude running c apacity (by 1 9 7 8 ) has not been 
mat che d wi th an t i c ip ated crude r e c e ip t s . As the supp ly balances 
made e ar l ier ind i cate , sub s t antial  p ip e l in e  cap acity - - both from 
Canada and the Gu l f  - - is yet to b e  defined for PAD District  I I .  

Marine Movements 

There is a gr eat di sparity b e twe en what r efiner s p l an to do 
about mar ine fa c i l i t i es and wha t woul d have to b e  done to maximi ze 

TABLE 28 

REFINERY RECEIPTS OF CRUDE O I L  DIR ECTLY BY WATER 
(Percent of Total Crude Oil Received) 

1972 
1 978 

85 
87 

PAD Districts 
I l l  

1 5  
30 

9 6  

v 

45 
59 

Total 
u.s. 

27 
38 



use o f  exist ing s i te s .  Only a net of four berth add itions ( 1 9 7 2  
t o  1 9 7 8 )  wer e  reported in the NPC que s t i onnaire a s  p l anne d ,  sp l i t  
be tween D i s t r i cts I ,  I I I  and V .  Thus , the total reported berths 
go from 2 3 3  in 1 9 7 2  to 2 3 7  in 1 9 7 8 .  Mo s t  of thes e  berths ( 1 3 8  in 
1 9 7 8 )  have a water depth o f  l e s s  than 3 5  feet . Only two l o cations 
exist  with 6 0  feet  or more of water , b oth in PAD District V. Re sults 
of the refinery s urvey reve al that , if exist ing refineries were to 
expand to make max imum use of the exi s t ing re fining s ites , over 6 0  
marine faci l i t ies .  woul d need to be constructed o r. deve lop e d ,  and 
nine o f  these would require over 6 0  feet of wat e r .  

Tank Car and Tank Truck 

As ant ic ipated , rail and truck movement o f  crude is p l anned to 
decrease as a percent of overall  crude capacity . Survey results 
indicate 1 9 7 2  rail/ truck receipts at 1 . 1  perc ent o f  cap ac ity v e rs u s  
0 . 9  pe rcent in 1 9 7 8 .  Product movements by rail /truck from refineries 
are proj ected to remain at about the s ame l evel ( 1 3  percent of 
capacity) . 

Tankage 

The NPC r e f ining survey included ques t i ons on shell  capacity 
o f  crude as  well  as intermediate and pr oduct t ankag e cap acity . The 
results  are s umma r i z e d  in Tab le 2 9  in terms of days o f  crude run 
capac ity . As the tab le shows , Distr icts I I  and V show s i gnificant 
changes in capac ity ; Distr ict I I  incre a s e s  its res erve , whi le 
Distr ict V decreas e s  i ts crude tankag e volume . S imi larly , inter
mediate and p roduct tankage decrea s e s  with respect  t o  crude runn ing 
c apacity mo s t  s i gnificant ly in PAD D i s trict V .  

Tankage volumes have his torically tended t o  decl ine in terms 
of crude capacity . The increase  in PAD District  I I ' s  crude s to rage 
capaci ty may be in ant icip at i on of more importe d  s t o ck ;  however , 
re sponse to del ivery metho d ( s e e  Tab le 2 9 )  did  not  indi cate thi s .  

Refinery t ankage , de s cribed in terms o f  days o f  crude running 
capacity , has h i s t or ically tended to decrease over t ime . The r e 
s ults o f  the r e f inery s urvey show this tr end continued relative 
to rep orted p l anned refining capacity . Reported 1 9 7 2  crude inter
mediates  and p r o duct s t orage capacity  ava i l able was  8 7 . 5  days o f  
crude run , decl in ing t o  8 2 . 1  days i n  1 9 7 8 .  This i s  about the s ame 
rate o f  d e c l ine as e s t imated for actual inven tory ( a s  opp osed t o  
capacity) from Bur eau o f  Mine s data . * This would ind icate a trend 
towards h i gher u t i l i zation ( i . e . , invent ory leve l divided by cap ac ity) 
at the end o f  the p e r i od . H igher ut i l i z at ion i s  in l ine with h i s 
torical trend s . t  

However , i f  the r efining shortfall i s  t o  be met with onshore 
capacity , prop o r t i onate vo lumes of t ankage mus t  be added . Al t e r -

* NPC , P e t ro l eum Storage Capaci ty. 1 9 70 . 

t Ib i d .  
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TABLE 29 

NPC 1972 REFI NING SURVEY-CRUDE, I NTERMEDIATE 
AND PRODUCT TANKAGE 

(Days of Crude Running Capacity) 

Total PAD District 
u.s. _ 1_ _ 1_1 _ _1 1_1 _ _..!Y_ 3_ 

1 972 · Crude 30.7 1 7.5 62.4 1 3.4 20.6 38.3 
Unavailable ( 8.6) ( 6.3) ( 1 2.4) ( 5.3) ( 6.9) ( 1 2.3) 

Net 22.1 1 1 .2 50.0 8.1 13.7 26.0 

I ntermediates and Products 88.1 83.9 1 1 3.4 78.2 76.8 77.6 
Unavailable (22.7) (23.8) ( 1 7.6) (25.2) ( 18.1 ) ( 1 9.5) 

Net 65.4 60.1 95.8 53.0 58'.7 58.1 

1 978 · Crude 31 .0  1 5.6 80.7 1 3. 1  1 9.6 29.9 
Unavailable ( 7.8) ( 5.6) ( 1 2.4) ( 5.0) ( 6.5) (1 0. 1 )  

Net 23.2 10.0 68.3 8.1 13.1 19.8 

1 ntermediates and Products 78.5 7 1 . 3  1 1 4.5 74.0 73.0 58.9 
Unavailable ( 1 9.6) ( 1 9.9) ( 1 7.8) (22.4) ( 1 7.2) ( 1 5.0) 

Net 58.9 51.4 96.7 51.6 55.8 43.9 

nativ e ly , tankage w i l l  be r equired in the Un i te d  States  for in
creased product import  v o lumes t o  meet the re fining cap a city short 
f a l l .  Much o f  increased product imp orts may be expected to go 
d i r e c t ly t o  consumers ( such as  s hore - l o cated p ower p l ant s )  or 
d i s t r ibution termina l s . · For examp l e , in PAD District  I ,  the largest 
imp ort ing d i s trict , s igni ficant volumes o f  s torage are located at 
te rminal s  not a s s o ci at ed with refiner i es . The s e  s t orage capac i t i e s  
were n o t  included in the re finery s t orage d a t a  of the 1 9 7 2  NPC 
survey que s t i onna ir e .  Hence , no st atement can be made on the 
ad equacy of t ankage t o  receive imported product s . 

CONC LUS I ONS 

U . S .  refiners w i l l  not exp and o r  add new capacity t o  meet in
creasing demands for p e tro l eum p r o duct s  unl e s s  adequate dependab l e  
s upp l i e s  o f  crude are availab l e . Due t o  the decl ining trend o f  
U . S .  p r o duction,  the o i l  t o  meet increased  demands w i l l  have t o  
b e  imported . The increas ing demand for foreign p etroleum will 
nece s s i t ate s ub s t antial  changes to exist ing transportation syst ems . 
F o r  th e l onger haul , imp orts from the Pers i an Gul f  and the use o f  
VLCC ' s ,  comb ine d wi th optimal ly p l aced deepwate r  termina l s ,  can 
p r ovide the Nation with both env ironmental and e c onomic bene fits . 
Movement o f  the required imp orts in l e s s  than an opt imum transporta
t ion sys tem w i l l  result in higher consumer c o s t s  and added environ
mental r i s ks . Ut i l i z at ion of VLCC- typ e ships results  in a lower 
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numbe r  o f  vessel  arrival s ;  and, moreover , use of the larger s hips 
p rovides s igni fi cantly lower cost per barrel move d .  

I f  direct VLCC movements ar e n o t  p o s s ib l e ,  then the next mo s t  
viable alternative for handling the increased crude imports  would 
b e  to ut i l i z e  VL CC ' s  combined with transshipp ing from offshore 
foreign terminal s .  However , v e s s e l  traffic would t end to grow 
prop o r t i onately with incr easing l evels  of imports resulting in 
maj o r  cong e s t ion in exist ing harbor s . 

Assuming uti l i z at ion o f  VLCC ' s  t o  import foreign o i l ,  a numb er 
of deepwater t erminals wiJ l  be requ ired to handle the VL CC ' s .  Today 
there are numerous prop o s a l s  for VLCC t erminals in the Uni ted S t ates . 
Wi thin PAD D i s tr i ct I ,  VLCC terminal p l ans have not proceeded beyond 
conceptual p l anning s tages to date due to governmen tal a s  wel l as  
environmental opp o s i t i on t o  propo s al s .  Prop onents o f  term in a l s  have 
not b een succ e s s ful in obt aining r ecognit i on that the VLCC ' s  p r ovide , 
b oth environmentally and economi cally , a better s o lution to p r ob lems 
o f  the immediate and l ong - run energy supply s ituatipn; 

On the o ther hand , p l ans for VLC C  terminals in District  I I I  
are p rogr es s ing , and two proj ects  have reached design s t ages . D i s 
trict V ' s mo st p res s ing need for VLCC capacity will be in C a l i fornia ; 
howev e r ,  no curr ent p l ans are in proce s s . 

In add it ion to the maj or marine transportat ion sys tems r e 
quired t o  imp ort foreign petrol eum t o  the Un i ted Stat e s , the in
creasing demand level s will nece s s i tate changes within th e ex i s t ing 
op era t in g  sys tem. Addit ions to b oth p ipeline , storage and terminal 
fac i l it i es wi l l  be r equired to hand l e  futur e demands .  

The l o cat i on of added dom e s t i c  refinery capa city w i l l  he avily 
influence the transportation and s t orage syst ems . Maj or capac ity 
add i t i ons t o  Gulf Coast capacity w i l l  require system incre a s e s  in 
tran s p o rtation fac i l i t i es t o  move p ro duct s from the Gul f to both 
the Midwe st and the East  Coa s t . 

C o s t  o f  the maj or components o f  the transportation systems 
required to handl� only the addi ti onal imp orts and to transport 
this  p roduct from r e fin er i e s  t o  terminals wi l l  approach $9  to $ 1 6  
b i l l i o n .  

S t orage vo lume addi tions reported by refiners a r e  genera l ly 
in l in e  with capacity added and historical trends . Howeve r ,  s ince 
p lanned r e f inery exp an s i ons are not proj ected to meet demand , 
add iti onal st orage cap a c i ty wi l l  be r equ ired.  A portion o f  this 
cap acity will  be provided by t erm inals not a s s ociated with r e fineries 
and are not inc luded i n  this survey . 
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Chap t er Four 

PETROLEUM REF I NING AND PETROCHEMI CAL PLANT ECONOM I CS 

I NTRODUCT I ON 

Important changes are taking place in the econom i c  environ
ment surround ing U . S .  refine r s : ( 1 )  crude oil supp l i es are coming 
from new s ources and pr ices of foreign crude o i l s  are r i s ing sharply , 
( 2 )  new envir onmental regulati ons are caus ing chang es in product 
chara ct e r i s t i cs making refiner i e s  more costly , ( 3 )  domestic  crude 
o i l  supp l ie s  are decl ining , ( 4) both crude o i l  and product p r i c e s  
are  subj e c t  to contro ls , and ( 5 )  a re cent sharp surge i n  oil  d emand 
has s t ra ined dome s t i c  re finery product ion capab i l i t ie s . Thes e con
d i t i ons and the l ack of a cons i s tent government app roach with re 
s p e c t  to mat ters affecting re fineri e s  - - part icularly l ong - term 
access  to foreign supp l i es o f  crude o i l  and product import poJ i c i e s  
have made the out l ook for inve stmen ts in new refin eries  in the 
Un ited  States  much more uncertain than it was in the 1 9 6 0 ' s .  

A cont inuat i on of these cond i ti ons w i l l  create an increas ing 
short age o f  domes t i c  refin ing capac ity between now and 1 9 8 5 . Fur 
thermore , there could be a future wor ldwide shortage o f  re fining 
c ap ac i ty ava i l able to s upply U . S .  markets ,  dep ending on e conomi c  
and p o l i t i cal condi ti ons b o th h e r e  and abroad.  Whi le t h e  Committee  
has not eva luated the  abi l i ty of world re fining capac i ty to meet  the 
growth in both U . S .  and non - U . S .  world demand,  the as sump t i on i s  
made that s ufficient re fin ing capac ity wi l l  b e  buil t .  Howeve r ,  i t  
i s  fe lt that if petrol eum product demands cont inue l ike the r ap i d  
g rowth whi ch. occurred during the l a s t  1 t o  2 years and i f  U . S .  
pol i c i e s  are not sufficiently resp onsive to the re fining s i tua t i o n ,  
o dequate wor l dwide capacity may n o t  exi s t .  Some o f  the capacity to 
meet U . S .  demand has alr eady been c ons tructed j us t  out s ide the p e r i 
meter o f  t h e  Un ited States f o r  the spec ific purp o s e  o f  supplying 
U . S .  demand for sele cted p roduc ts . 

A numb er o f  key fa ctors have dictated the dec i s i ons made by 
s ome compan i es to e s t ab l i s h  re fining f aci lities  in perimeter l o c a 
t ions . Some o f  these factors are :  

• To accommodate r e v i s i on s  i n  U . S .  import quota res tric tions : 
Fore ign crude oi l could be imported without l imitations 
into p erime ter locat i ons . Products could be manufactured 

This chapter was prepare d prior to th e i s s uance of the Pres i 
de n t ' s  Energy Me s s ag e  t o  Congre s s  o f  Apri l 18, 197J, and does n o t  
t a k e  i n t o  accoun t t h e  o i l  imp o r t  proc l amation contained therein . 

Crude prices a nd produ c t  v a l u e s  as u s e d  in this chap t e r  w e r e  
repre s e n ta tive a t  the time of t h i s  s tud�-and do no t refl e c t  condi
tions as preva i l e d  durin g  an d s i nce the period of the Arab oi l 
embargo : unsta b le crude pri c e s  a n d  product price s tabi lization b y  
g o v ernmen ta l reg u l a t i on . 
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that were exempted from formal U . S .  quo t a  controls - 
such as res idual fue l o i l  for District  I - - and exported 
to the  Un i ted Stat e s . 

• For logi s t i c a l  considerat ions : N atural deepwater harbo r s  
we re ava i lable  t o  accommodate large r ,  more effi cient and 
economi c a l  tankers . 

• To minimi z e  the risks a s s oc i a te d  wi th acquiring crude oi l 
s upp ly : Foreign refinery l oc at i ons frequently provided 
greater long - t erm acce s s  to ne ce s s ary fore ign crude o i l  
supp l i es than d i d  refinery l ocat ions in the United States . 

• To avoid environmen ta l  de lay s :  I n  r ecent years , environ
mental c ons traints in the Un ited S t ates have made foreign 
l o ca t i ons more attractiv e .  Env ironmen tal obs tacles have 
been l e s s  s evere in the foreign perimeter locations in 
terms of building or expand ing ref ining . capacity compared 
t o  alternative U . S .  l o ca t i on s . The s e  offshore areas have 
low-den s i ty populations and l e s s  port  s i t ing problems . 

• To minimi ze o v e ra l l  cos t s :  E conomic advant ages favored 
refining operations in s ome p e r imeter locat ions compared 
to onshore U . S .  l ocat i ons . These in cluded l ower crude o i l  
hand ling , transp ortat i on and operating costs and advantag e 
ous tax p rovi s idns and other industrial  development incen 
t ive s .  

RELATI VE E CONOMI C S *  

To i llustra te t h e  r e l ative econom ics o f  refining for e ign 
crude o il domes t i c a l ly and offshore , an economic mode l was construct
e d  and studies were made to evaluate different s ituati ons th�t might 
ari s e  be twe en now and 1 9 8 5 .  Many o f  the cas es concentrated

.
on the 

s ituation in District  I (due to the critical  refinery shortage in 
that area) and on the l ik e ly ref ining comb inat i ons for meet ing the 
deman d .  Other districts  wer e a l s o  examined t o  determine the co s t  
o f  me e t ing the demand dis trict - by -di s tr i c t .  C omp a r i s ons be tween 
District  I onshore ref iner i e s  and offshore ref ineries were made , 
and the costs o f  s upp lying env ironmentally acceptable  fue l s  were 
exam in ed . 

* The i l l us trative e c onomic mode l s tudi e s  pre s e n t e d  in this 
Chap ter were prepared prior to the i s s uance of the Pre s i de n t ' s  
Energy Me s s age t o  Congre s s  o f  Apri l 1 8 ,  1 973, i n  which t h e  Pre s i 
de nt remo ved b y  pro c l ama tion a l l  e x i s t i n g  tari ffs on imported crude 
o i l  and produ cts a n d  suspended di rect con tro l over the quan ti ty of 
crude o i l  and re fin e d  pro duc t import s .  In p lace of the control 
s y s t em the Pre s ide n t  has ini tiated a l i c e ns e  fe e s y s tem . This r e 
port d o e s  n o t  a t temp t t o  evaluate or comm e n t  on t h e  Pre s i de n t ' s  
Energy Me s s age and i s  b a s e d  s o l e ly o n  p o l ic i e s  i n  effe c t  prior to 
Apr i l  1 8, 1 97 3 .  
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In addit ion to direct refinery - t o - re f inery comparis ons 
i l lustrating the b a s i c  ons hore/offshore c o s t  differences , three 
ene rgy s cenarios were p o s tu l ated to determine the overall e ffect 
on D i s t r i ct s  I ,  I I  and I I I : ( 1 )  a p roduct imp ort s cenario in which 
imp ort quo ta c ontro ls cont inue and the growth o f  dome s t i c  capacity 
i s  p r o j ected from the resp ons e s  to the s urvey que s tionna i re with 
for e i gn capacity making up the dif ference ; ( 2 )  a nati onal security 
s cenario which brings all  new capac ity onshor e ; and ( 3 )  a zero 
g r owth s cenar i o , an un likely s ituation where all new capacity moves 
o ff s hore . Thi s section details  the methodology 6f the mode l as 
well  as  numerous other combin at i ons s tudi e d .  

The pr incipal assump t ions u s e d  in th e economic mode ls are : 

• Growth in pr oduct demand i s  based . on the I n i t ial Appr a i s al . 

• Demand growth is  to b e  s at i s f i ed in n ew 2 0 0- MB/ CD 
refinerie s . (Actua l l y ,  a s ubs tantial amount of product 
w i l l  be ptoduced by expanding exist ing ref inerie s . )  

• I ranian light crude o i l  i s  representative o f  future crude 
o i l  s upp l ie s . The crude o i l  price · is  an as s umed price for 
1 9 8 5 . Recent do l l ar devaluation and negotiated changes 
between international oil c ompanies and Middle Eastern 
countries indicate t hat this price ( $ 2 . 5 0 p er barr el)  might 
be r e ached by the 1 9 7 5 - 1 9 7 7  p eriod.  If  this price  is  
exceeded ,  the  effect w i l l  b e  to incr ease  the  per barrel 
cost of products  f ro� both onshore and offshor� refineries . 
Th is increase wi l l  be almo s t  the exact amount of the p er 
barrel crude oil  price  incr ease . · 

• Crude o i l  import quotas are available at no c o s t . 

• Crude o i l  is  de l ivered to o ffshore ( C aribbean) refiner i e s  
i n  VLC C ' s  and pro duc t s  a r e  b arged to t h e  Un i t ed Stat es . 

• Import dut i e s  on. al l products are a s s umed t o  be at 1 9 7 2  
leve l s . 

• For dome s t i c  refiner i e s , crude o i l  is delivered in .VLC C ' s  
to an offshore deepwater transs hipment p ort and thence by 
barge to the Un i ted States  or ( in the case of Dis trict I I I )  
in VL CC ' s  t o  an o f f s hore rece iving terminal . 

• Cons truction co s t s  wi l l  incr ease  3 p ercent p er year to 
reflect  ant i c ipated real c o s t  incre ases  in the construc t i on 
industry . 

• A l l  dollar costs  are exp r e s s e d  in cons tant 1 9 7 2  dol lars . 

• Manp ower cost  i s  as s umed t o  be effectively 2 8  p ercent 
higher in t he Un i t e d  S tates  than offshore ( C aribbean) . 
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• Expected product c o s t s  in clude interest on working cap i 
tal and an a s s umed re turn on inves tment required on f i xed 
as s e t s . A l though costs  were computed for rates of return 
from 4 to 2 0  p ercent , c o s t s  are disp layed at 1 0  and 1 5  
percent rates o f  re turn for i l lustrative purp o s e s . Rate 
of re turn is based on the d i s count ed cash f l ow (DCF) method 
or internal rate o f  return method commonly used in the 
e conomic analy s i s  of bus iness  proj ects . 

• Future effects  o f  inf lat ion are not  include d .  

• An income t ax r a t e  o f  4 8  p ercent applies  t o  onshore l o ca
t i ons . No income tax is  a s s umed for an offshore C aribbean 
l ocat ion on the premise  that refiners would b e  in a p o s i t i on 
t o  use tax conc e s s i ons c ommonly availab le .  Howeve r ,  o f f 
s hore Caribbean co sts  with t ax rates up to 2 8  p er cent are 
shown for purp o s e s  of c omp a r i s o n .  In e a s t ern C anada,  the 
49  p ercent s tatutory t ax r a t e  is assume d to be in effe c t . 

The s e  s tudi e s  do not attempt t o  g ive finite answers on prefer
ab le locat ions e i ther onshore or  o f fs hore . E ach ref inery l o ca t i on , 
o f  cours e ,  pre sents a special case  with its  own particular s i t e , 
t ransportat ion , labor , env ir onmental and o ther related operat ing 
s i tuat i ons . However , the studies  do adequate ly s how the order of 
magni tude of the d i fferential c o s t s  of producing p etro leum products 
b e tween the g eneral areas s tudi e d .  

On the bas i s  o f  the s e  assumed data , it would b e  expe cted that 
to a large degre e ,  the nece s s ary refiner i e s  will  be constructed 
off s hore (except in the cases  of D i s t r i c t s  I V  and V where suitable 
o ffshore l o cations are not  r eadily ava i l able , but refineries  s upp ly
ing the U . S .  We s t  Coast from a Pacific  I s l and or the West Coas t o f  
Latin America are n o t  inconceivab le ) . However , the government may 
conclude that other cons i derat ions - - m i l itary and economic se cur i ty , 
bal ance of trade , and provis i on o f  j ob s  for U . S .  c i t i zens - - p r o 
vide greater overall  b ene f i t s  f o r  the nat ional economy than the 
cos t s avings from us ing fore ign ref inerie s .  

I f  overrid ing bene fits  require that new ref ining capacity be 
l o cat ed in the Un i ted Stat es , s ome d i fferential incent ives w i l l  be 
required t o  induce the dome s t i c  cons truction.  Whatever p o l icy is  
adop t e d ,  i t  should be clear and fi rm . I f  inve s tors b e l i eve that 
governmen t . inducement t o  bui ld on s hore r efineries is  temp o rary , 
the e conomic attractiv en e s s  of doing s o  w i l l  be weakene d .  A p r o 
gram aimed a t  the l ow e s t  p o s s i b l e  curr ent product p r i ces i s  not  
comp atible with having amp le dom e s t i c  refining capac ity . P o l i c i e s  
that try t o  accomp l i s h  b o th o f  thes e �b j ect ives are amb iguous and 
are not l ikely t o  be effective . 

The approach fol lowed in conduc t ing these il lustrative s tudies 
was to define the expected demand growth between 1 9 7 0  and 1 9 8 5  for 
e ach PAD Distr i c t , define an incrementa l  crude o i l  of reasonab l y  
r epresentative qua l i ty , construct a n  e conomic mo del encomp as s in g  all  
o f  the governmental , environment a l , re fining , transportation and o ther 
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c o s t  factors  ( inc luding inves tment and operating costs ) , and d i s 
p l ay t h e  results o f  var ious cases . The cases  s tudied are l i s t e d  
o n  T ab l e  3 0  and the more s i gnifi cant c a s e s  a re dis cus s ed in th e 
f o l lowing . 

TABLE 30 

CASES EXAMINED WITH I L LUSTRATIVE STUDIES 

Case Location 

( 1 )  District I 
(2) District I I  
(3) District I l l  
(4) District V 
(5) Onshore 

(6) Offshore 
(7) Offshore 
(8) District I 

(9) District I 

( 1 0) District I 

( 1 1 )  Combined 

( 1 2) District I l l  
( 1 3) District I l l  

( 1 4) Offshore 

( 1 5) District I 

( 1 6) Product I mport Scenario 
( 1 7) National Security Scenario 

*Imported Crude Oil Processing Facility (ICOP). 

Supply of District I 

Type Refinery 

Balanced Demand Refinery 
Balanced Demand Refinery 
Balanced Demand Refinery 
Balanced Demand Refi�ery 
Fuel Oil and Naphtha for District I 
only ( ICOP)* 
District I Balanced Demand 
Distr.ict I Balanced Demand 
Balanced Demand 
All 1 %  Sulfur No. 6 Fuel Oil 
Balanced Demand 
All 0.7% Sulfur No. 6 Fuel Oil  
Balanced Demand 
All 0.3% Sulfur No. 6 Fuel Oil 
Balanced Demand for'Oistrict I 
with Light Product Onshore and 
Fuel Oil Offshore with Excess 
Naphtha 
District I Balanced Demand 
District I Light Products and Half 
of District I Fuel Oil 
District I Fuel Oil  Not Supplied 
in ( 1 3) Excess Naphtha 
District I Light Products and 8% 
of Fuel Oil 
Refer to text 
Refer to text 

Nominal Size (B/D) 

200,000 

200,000 

200,000 

200,000 

1 00,000 

200,000 

500,000 

200,000 

200,000 

200,000 

400,000 

200,000 

1 80,000 

250,000 

1 50,000 

A numb e r  o f  a l t e rna t ive supp ly p o s s ib i l i t i es were examined 
for meet ing the incre ase in demand for petroleum products b e tween 
1 9 7 0  and 1 9 8 5  ( s e e  Tab le 3 1 ) . District  I is curr ent ly critica l ly 
s h o rt o f  refining capacity and b as e d  on the recent refinery s urvey , 
l i t t l e  new cap acity i s  p l anned for the future . 
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TABLE 31 

PROJECTED GROWTH IN PRODUCT DEMAND-1970-1985 

District I District I I  District I l l  District IV Djstrict V Total U.S 
M B/D % MB/D % MB/D % MB/D % MB/D % MB/D % 

Mogas 1 ,1 37 26.67 1 , 1 55 42.54 507 25.70 99 32.46 51} 30.36 3,415 3 1 . 1 6  
Avgas 6 . 1 4  6 .22 5 .25 3 .98 9 .53 29 .26 

I-' I Special Naphtha 8 . 1 9  6 .22 8 .41 - - 3 . 1 8  25 .23 
D Kero-Jet 642 1 5.06 341 1 2.56 1 39 7.05 49 1 6.07 5 1 3  30. 1 2  1 ,684 1 5.37 a-

Kerosine 20 .47 45 1 .66 30 1 .52 6 1 .97 23 1 .35 1 24 1 . 1 3  
Distillate 564 1 3.23 3 1 1  1 1 .45 1 32 6.69 58 19.02 1 5 1  8.87 1 ,2 1 6  1 1 . 10  
Residual Fuel 1 ,450 34.01 31 6 1 1 .64 1 24 6.28 36 1 1 .80 304 1 7.85 2,230 20.35 
Asphalt 78 1 .83 1 39 5 . 12  60 3.04 23 7.54 61 3.58 361 3.29 
LPG 1 38 3.24 254 9.36 1 1 1  5.63 30 9.84 71  4. 1 7  604 5.51 
Petrochem Feed 220 __QJ_§_ 142 5.23 857 43.44 1 .33 51 2.99 1 ,271 1 1 .60 

Total 4,263 100.0 2,715 1 00.0 1,973 1 00.0 305 100.0 1,703 100.0 1 0,959 100.0 

Percent of Total U.S. 38.9 24.8 18.0 2.8 1 5.5 1 00.0 



Through o ut th is s e ct ion , the f o l l owing de fin i t i ons app ly :  

• B a la n c e d  Refin ery : is  one that produces  a yield  o f  
products proportional t o  the growth in product mix 
proj e cted between 1 9 7 0  and 1 9 85 . 

• Light Oi l s  Refinery : i s  one that pr oduces ·the required 
g as o l ine , distillate ,  and l i ghter  fue ls . 

• Fue l s  Refi nery : i s  one th at pro duces primarily the 
re s i dual fue ls requirement wi th only that d i s t i l l ate 
and naphtha nece s s ary t o  make the re finery viab l e .  

Five alternat ives fo r supplying District I are cons idered ; 
T ab l e  3 2  s ummar i z e s  the rel ative c o s t s  o f  the five , and the f o l l ow
ing s e ct i on de s cribes them in detai l . 

TABLE 32 

I LLUSTRATIVE RELATIVE COSTS FOR SUPPLYI NG DISTRICT I *  
($/Bbl of Product in 1985) 

10% DCF 
Rate 

15% DCF 
Rate 

Origin of Supply of Return of Return 

Case 6 

Case 1 
Case 1 2  
Case 1 1  

Case 14 

Offshore Balanced Refinery 
(Ful l  Range of Products) 

Di.strict I Balanced Refinery 
District I l l  Balanced Refinery 
Combination of a Light Products Refinery i n  
District I and a Heavy Fuel O i l  Refinery Offshore 
Combination of a Light Products RefinerY in 
District I l l  and a Heavy Fuel Oil Refinery Offshore 

5.42 
5.58 
5.85 

6.08 

6. 1 0  

5.68 
6.07 
6.28 

6.49 

6.56 

These cost data include 1972 level U.S. import duties. 

• From an Offshore Balanced R e fi n e ry : As restrictions o n  
l i ght p ro d11ct imports are e l iminated o r  changed into p urely 
econom i c  constraints such as  nominal duti es , the like l i 
hood  increases that balanced refinery cap a c ity w i l l  be 
exported  o ffshore . To eva l ua te this p o s s ib i l i ty in 
conn e c t i on with District I - - us ing 1 9 7 2  duty rat e s , 
c l e an product shipping rates from o ffshore to onshore 
and o f fshore cons truction and operat ing costs  - - Case 6 
was constructe d .  

Th i s  c a s e  s hows that the c o s t  o f  p ro ducts are $ 5 . 4 2 pe r 
b arrel  and $ 5 . 6 8  p e r  b arrel at 1 0  and 1 5  p e rcent DCF rates 
of return respect i vely ( s e e  T ab l e  3 2 ) . .  Cons equently , 
o ffshore re fining has an advantage in s up p lying Distri ct I 
by a c o s t  o f  $ 0 . 1 6 to $ 0 . 3 9 p e r  barre l .  Figure 1 3  shows 
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F i gure 1 3 .  Comp ar i s on o f  Onshore Ve rsus Offshore Refineries - 
D i s t r i c t  I B a l anced Deman d .  

a range o f  rates o f  return and a l s o  shows a 2 8  p ercent 
tax rate a l ongside the zero t ax r a t e .  I t  should be noted 
that seve r a l  of the cost d i f fe r ences  re l ate to environ 
mental r e s t r i c t ions , offshore being l e s s  rigid than they 
are onsh o re - - i . e . , h i gh e r  s u l fur content p l ant fue l may 
be us e d  and e ff luent t re atment f aci lities  are l e s s  soph i s 
t i c at e cl .  

• From a Di s tri ct I B a l anced R e fi n e ry : I f  a s ite were avai l 
ab l e , a 2 0 0  MB / CD re finery l o cated al ong the E as t  Coas t 
would require an expenditure o f  at l e as t $ 4 1 4  million and 
would produce p ro ducts at an average cost p e r  b arrel o f  
$ 5 . 5 8 ,  as s uming a 1 0  p e rcent D C F  rate o f  re turn on inve s t 
ment o r  $ 6 . 0 7  at a 1 5  p e rcent rate o f  ret urn ( s e e  T ab l e  3 2 ) .  
B etween now and 1 9 8 5 , District  I w i l l  need t o  add a cap acity 
equivalent o f  at l e as t  2 0  s uch re fine ries , i f  i t  i s  t o  meet 
its incremental p ro duct demands . 
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Crude o i l  for the as sume d refinery was received in VLCC ' s  
i n  the B ah amas and trans shipped t o  the E as t  Coast  in b arges , 
wh ich f o r  the re finery rep resented a terminal ling and t rans 
s h ipment cost o f  $ 0 . 2 8 p e r  b arre l .  For furthe r det a i l s  s e e  
C as e  1 o n  T ab l e  3 3 .  The c o s t  o f  p ro ducts a t  vari ous rates 
o f  re turn is  shown on Fi gure 1 4 .  T ab l e s  34 and 35 s h ow the 
p r o duct y i el ds of Cases 1 - 10 in Distri ct I and D i s t r i cts I I  
through V ,  resp e ctively . The e ffect o f  inves tment leve rage 
is i l lus t rated on Figures 1 5  and 1 6 . Current ly , the aver
age deb t t o  equity rat i o  for 36 compani e s - - b oth integrated 
and i ndependent - - is  3 0 / 7 0 , b ut may well increase to the 
ran ge o f  4 0 / 6 0  b y  1 9 8 5 . A wide range of rates of return is  
p re s ented b e caus e i t  i s  imp os s ib l e  to p ro duce a s ingle rate 
th at is or would be accep t ab l e  to every indivi dual company . 

• From a D i s t ri c t  III Ba lanced Refinery : S ince D i s t ri ct I I I  
h as more re fining cap acity than other di s t ri cts and h as h i s 
t o r i cally s upp l i e d  much o f  the Dis trict I p ro duct demand- 
mainly b y  pipeline t o  the East  Coast market cent e rs - - this 
c as e  w as s tudi e d  t o  determine the cost  of cont inuing the 
e x i s t ing practice for a balanced demand . C a s e  1 2  (see Tab l e  
3 7 )  s hows t h i s  can be done at a cost  o f  $ 6 . 2 8 p e r  barrel 
inc luding a l lowances for l i ght product and fuel o i l  trans 
p ort at i on costs  to District I .  The receipt o f  crude o i l  
w as ass ume d t o  b e  in VLCC ' s  vi a a LOOP o r  SEADOCK type 
p ro j e ct at a t rans shipment t ar i f f  cost  o f  $ 0 . 1 5 p e r  b arrel . 

• From a Combination Li gh� Produ c t s  Refi n e ry i n  Dis t ri ct I 
and a Heavy Fue l  Oi l Refi n e ry Offs hore : I f  the Mandatory 
O i l  Imp o rt P ro gram (MOIP)  as i t  is  now , r.emains in e f fect i n  
1 9 8 5 ,  t h e r e  w i l l  cont inue t o  b e  an exp o rt o f  " fue l o i l "  r e 
finery c ap acity , w i t h  b a l ancing " l i ght o i l "  re fine r i e s  on
shore . I f  the s e  onshore r efineries are located in Di strict 
I ,  C&se 1 1  ( s e e  Tab l e  3 6 )  illustrates the e ffect o f  meeting 
the entire D i s trict I demand through a comb ination o f  op
t imi z e d  faci l i t ies for l i gh t  p ro ducts onshore in Dis t rict 
I and for fue l o i ls o ffs h ore . This case has s eve ral special 
fe ature s - - th e  o ffshore l o c at i on i s  p e rmi t t e d  to exp o rt s ome 
N o . 2 o i l  t o  Dis t ri ct I and ,  in addi t i on , naphtha p ro duced 
in exces s o f  the U . S .  p e t rochemi cal demand is exported to 
l o c at ions other than the U . S .  mainlan d .  

S a t i s fying D i s tr i c t  I demand i n  t h i s  manner would require 
ab out 1 0  r e fine ries  in District  I and the s ame numb er o f  
refineri e s  offshore . Each o f fsh ore refinery would produce 
about 3 3 . 5 MB/CD of exce s s  naphtha and supp ly ab out 9 . 4  
MB /CD o f  N o . 2 o i l  t o  the East  Coas t .  Afte r adj us t ing 
the cos t  f o r  the exce s s  n ap htha ( at $ 0 . 0 6 p er gallon) 
the  weighted average co s t  of pr oducts (pro duct value 
including a 1 5  p ercent DCF) is $ 6 . 4 9 p er barrel ( s e e  
T ab l e  3 2 ) , with a zero tax rate o ffshore and a 4 8  p ercent 
t ax r ate onshor e .  Consequent ly , this method o f  me e t ing 
the  D i s t r i c t  I b al ance d demand is  more costly  to the end 
user than supplying District  I from District  I I I , o r  
than bui lding balanced r efiner ies i n  D i s t r i c t  I o r  o ffshore . 
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TABLE 33 

REFINERY CONFIGURATION TO MEET DEMAND 

(Case 8- (Case 9 - (Case 10-
{Case 1) (Case 2) {Case 3) (Case 4) (Case 5) (Case 6) (Case 7) 1 % S) 0.7% 8) O.JD/o S) 

Unit (B/SD) PAD I PAD I I  PAD I l l  PAD V  I COP* Offshore Offshore PAD I PAD I PAD I --- ·---

Nominal Capacity 200,000 200,000 200,000 200,000 100,000 200,000 500,000 200,000 200,000 200,000 
Crude Unit 215,561 206,279 218,750 213,380 108,293 217,408 531,250 214,880 215,412 217,618 
Vacuum Unit 90,125 97,364 103,250 100,71 6  38,993 85,707 219,330 79,041 86,7·16 102,668 
Reformer Pretreater 21 ,392 36,734 1 ,008 9,008 - 23,700 47,788 22,470 22,059 27,823 
Reformer 30,030 46,824 18,129 27,754 - 31 ,645 70,291 29,096 30,446 36,830 
Catalytic Cracker 66,010  1 13,952 86,870 85,306 - 62,193 196,418 73,083 65,924 48,679 
H F  Alkylation 6,381 9,646 7,121 6,902 - 5,510 6,504 5,463 5,630 4,483 
Cat Cracker Desulfurizer 49,645 65,774 50,064 49,289 - 47,212  120,818 43,540 47,767 43,790 
Distillate Desulfurizer 29,023 24,917  . 530 34,899 21 ,479 33,179 73,307 1 8,589 32,773 36,893 
DAO Desulfurizer 25,968 14,178 20,563 23,616  9,407 24,695 63,197 22,627 24,986 20,582 
SDA 30,551 22,530 33,701 32,690 1 1 ,067 29,053 74,349 26,620 29,395 24,803 
Partial Oxidation - - - - - - - - - -

Sulfur Recovery 296 250 247 292 159 284 726 249 287 374 
Hydro Cracker - - 27,221 17,030 - - -

Hydro-gen Plant - - 50,688 28,068 7,907 - 1 , 1 19  
Gas Oil Desulfurizer - - - - - - - - - 1 1 ,91 1  
Investment I$Ml 

!--' I Onsite 218,680 240,879 2 1 1 ,544 219,441 71 ,348 222,632 350,299 212,228 218,399 230,400 
!--' Offsite 77,192 82,836 71 ,639 72,998 27,087 72,019 1 15,937 76,228 77,002 78,409 
0 Effluent Control 5,939 5,446 5,250 5,060 2,984 3,235 8,41 1  5,920 5,935 5,993 

Docks 1 6,048 27,130 28,770 18,436 8,067 22,958 61 ,200 1 6,008 1 6,047 1 6,204 
Tankage, Crude 9,830 10,396 7,875 7,600 4,938 16,947 12,750 9,799 9,823 9,919 
Tankage, Product 9,426 9,835 7,399 7,157 4,578 10,878 29,217 7,991 7,991 7,991 
Offshore Tankage 1 4,486 - - - 7,277 - - 14,440 14,476 14,017 
Catalyst 2,125 3,388 1,515 2,079 - 2,229 4,608 2,073 2,165 2,479 
Royalty 1 ,986 . 3,209 � 2,009 - 2,078 4,100 1 ,946 2,029 2,245 
Total Investment 355,722 383, 1 19  335,539 324,778 126,378 352,976 586,522 346,634 353,866 368,256 
Working Capital 58,149 60,596 61,740 59,405 29,213 68,666 167,790 57,965 58,109 58,677 
Total Funds 413,871 443,71 5  397,279 394,183 155,591 421,642 754,312  404,699 411 ,975 426,933 

Expenses ($/CD) 
Crude QjiT 793,193 801,617 787,080 728,017 398,483 829,210 2,025,724 790,689 792,645 800,395 
Butane 7,500 16,106 7,500 5,707 - 7,500 18,156 7,500 7,500 5,4 1 1  
Refining 96,173 107,731 104,082 103,684 29,986 75,109 1 15,956 91,391 95,624 103,200 
Total 896,866 925,454 898,662 837,407 428,469 911,819 2,159,832 889,580 895,769 909,006 
Cost of Product {$/Bbll 
Including 15% DCF 

5.68* 5.24§ Rate of Return 6.07 6.71 6.01 5.87 5.56 6.00 6.06 6.19 
Including 10% DCF 

Rate of Return 5.58 6.16 5.56 5.37 5.28 5.42 4.88 5.52 5.58 5.21 

* Imported Crude Oil Processing Facility (ICOPl. 

tOffshore crude oil cost includes duty on products imported to Uniteq States. 

:!:Balanced District I demand at zero income tax rate, 

§ 28 percent tax rate. 
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TABLE 34 

REFINED PRODUCT YIELDS 
(B/CD) 

District'! Cases 
( 1 )  (5) (6) (7) (8) (9) (10) 

Balanced I COPt Balanced 500 MB/CD 1% Sulfur .7% Sulfur .3% Sulfur 
% Yield* District I District I Offshore Balanced Offshore Residual Residual Residual 

Mag as 26.67 52,923 - 52,580 129,891 52,923 52,923 52,923 
Avgas . 14  278 - 276 682 278 278 278 
Special Naphtha . 1 9  377 - 375 925 377 377 377 
Kero-Jet 1 5.05 29,885 - 29,690 73,347 29,885 29,885 29,885 

I Kerosine .47 933 - 927 2,289 933 933 933 1--' 
1--' Distillate 1 3.23 26,253 - 26,083 64,434 26,253 26,253 26,253 N 

Residual Fuel 34.01 67,488 68,025 67,05 1 1 65,639 67,488 67,488 67,488 
(0.3% Sulfur) I 7.89) 1 1 5,657)" ( 1 5,782) 1 1 5,556) I 38.4281 - - 167 .488) 
(0.7% Sulfur) 121 .87) 143,395) 143.741)  143, 1 1 3) 1 1 06,506) - (67,488) 
I 1 .0% Sulfur) I 1 .84) I 3,644) I 3,6731 I 3,62 1 1  I 8,945) 167.4881 
12.0% Sulfur) I 2.421 I 4,7921 I 4,8291 I 4,761 I I 1 1 ,7601 

Asphalt 1 .83 3,631 3,659 3,608 8,913 3,631 3,631 3,631 
LPG 3.24 6,429 - 6,388 15,780 6,429 6,429 6,429 
Petrochem Feed __§J_Q 10,239 25,584 1 0,173 25,131 1 0,239 10,239 10,239 

Total 1 00.00 1 98,438 97,268 197,149 480,031 198,438 198,438 198,438 

Crude Inputs 206,938 1 03,961 208,7 1 1  51 0,000 206,284 206,795 208,8 1 7  

*Based on projected D istrict l demand. 
tlmported Crude Oil Processing Facility (!COP). 



TABL E  3.5 

REFINED PRODUCT Y I E LDS OTHER THAN DISTRICT I 

(2) (3) (4) 
District I I  District I l l  District V 

B/CD % B/CD % 8/CD % 

Mogas 79,694 42.54 50,700 25.70 58,564 30.3 
Avgas 4 1 2  .22 500 .25 1 ,022 .5 
Special Naphtha 4 1 2  .22 800 .41 347 . 1  
Kero-Jet 23,530 1 2.56 1 3,900 7.05 58,101 30.1 
Kerosine 3,1 1 0  1 .66 3,000 1 .52 2,604 1 .3 

f-' I f-' Disti l late 21 ,450 1 1 .45 1 3,200 6.69 . 1 7,1 1 0  8.8 
""' Residual Fuel 1 1 .64 21 ,806 1 2,400 6.28 34,433 1 7.8 

10.3% Sulfur) - - - - 128,752) 1 1 4.9) 
10.7% Sulfur) I 1 2,895) 16.88) 12,959) 1 1 .50) 
1 1 .0% Sulfur) I 6,047) 13.23) 15,055) 12.56) 
12.0% Sulfur) I 2,864) 1 1 .53) 14,385) 12.22) I 5,681 l I 2.9) 

Asphalt 9,592 5.12 6,000 3.04 6,906 3.5 
LPG 17,535 9.36 1 1 , 1 00 5.63 8,044 4.1 
Petrochem Feed 9,798 5.23 85,700 43.44 5,768 2.9 

Total 1 87,340 100.00 197,300 100.00 192,900 100.00 

Crude Inputs 1 98,027 21 0,000 204,844 
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F i gure 1 6 . Onshore Re finery ( C a s e  1 ) - - D i s trict I 
Balanced Deman d .  

40' 

The current MOI P  t ends t o  caus e capa c ity to b e  constructed 
offshore as des cribed in th is cas e , primar ily due t o  the 
fact that fuel o i ls  are readily exported to the Un ited 
States . In addi t i o n ,  this case  is i l lust rat ive of the 
reas on why naphtha is often ava i l ab l e  o ffshore - - i ts 
p roduction is  l inked to fue l  o i l  demand . 

• From a Comb ina tion Light Produ c t s  Refinery in .Di s trict III 
and a Heavy Fue l  O i l  Refi n e ry Offs hore : As s umin g that new 
capacity continues to be denied in District  I but not in 
D i s trict I I I ,  then it is  probable that District I I I  wi l l  
supply all  o f  the l i ght pro ducts f o r  D i s t r i c t  I and about 
h a l f  t he fue l  o i l , with the balance of the fuel o i l  origina
t ing o ffshore . Thi s s i tua t i on would result in the con
s truct ion o f  about 2 1  refineries in D i s trict  I I I  and 4 
refine ries  o ffshore - - a l l  dedicated t o  supp ly District I .  
I mp l i c i t  in th is s i tuation i s  the adde d environmental 
exp o sure a s s ociated with transporting about . 8 0 0  MB/CD o f  
fu e l  o i l  from the Gulf Coast  t o  the E a s t  Coast in shal l ow 
draft ves s els or barge s . 

1 1 5  



TABLE 36 

REFIN ERY CONFIGURATION ONSHORE AND OFFSHORE 
TO MEET DISTRICT I DEMAND 

(Current Mandatory Oil I mport Program) 

Unit B/SD 

Crude Unit 
Vacuum Unit 
Reformer Pretreater 
Reformer 
Catalytic Cracker 
H F Alkylation 
Catalytic Cracker Desulfurizer 
Distillate Desulfurizer 
DAO Oesulfurizer 
SDA 
Partial Oxidation 
Sulfur Recovery (long Ton) 
Hydrocracker 
Hydrogen Plant 
Gas Oil Desulfurizer 

Investment ($M) 

Onsite 
Offsite 
Effluent Control 
Docks 
Tankage Crude 
Tankage Product 
Offshore Tankage 
Catalyst 
Royalty 

Total Investment 
Working Capital 

Total Funds 
Expenses-Cash ($/CD) 

Crude Oil 
Butane 
Refining 

Total 

Cost of Product ($/Bbl) 

( I ncluding 15% DCF 
Rate of Return) 

( I ncluding 10% DCF 
Rate of Return) 

1 1 6  

( 1 1 )  
Offshore 

201 ,584 
92,264 

3,1 1 6  
26,585 
31 ,276 

402 

2.4 1 3  
50,824 

1 27,437 
4 1 ,002 

3,000 
21 ,287 
1 5.7 1 4  
1 1 ,581 

220,021 
66,321 

206,342 

709,058 

41 ,975 

751 ,033 

5.06 

4.85 

( 1 1 )  
Onshore 

286,012 
1 34,998 
43,188 
92,220 
66,367 
1 1  '1 93 
38,194 
22,521 

5,312 
6,249 

27,980 
367 

61 ,054 
56,300 

331 ,945 
1 04,133 

7,880 
21 ,307 
1 3,042 
1 1 ,810  
1 9,220 

6,205 
1 2  1 94 

527,734 
77,154 

604,888 

1 ,052.431 

1 79,906 

1 ,232,337 

6.77 

6.24 



TABLE 37 

SUPPLYI NG DISTRICT I FROM DISTRICT I l l  AND OFFSHORE 

(12) ( 13) (14) 
District I l l  to District I l l  to Offshore to 

Supply District I Supply District I Supply District I 
Unit B/SD Balanced Oemand · Light Products Demand Fuel Oil Demand 

Crude Unit 215,618 1 36,773 250,615 
Vacuum Unit 89,996 64,557 1 1 8,290 
Reformer Pretreater 20,730 22,1 1 5  
Reformer 30, 1 1 6  40,407 
Catalytic Cracker 49,360 25,747 
HF Alkylation 4,253 4,658 
Catalytic Cracker Desulfurizer 49,574 1 5,337 67,470 
Distillate Desulfuriz�r 35,223 1 5,525 
DAO Desulfurizer 25,931 2,706 34,084 
SDA 30,507 3,537 40,098 
Partial Oxidation 12 ,938 
Sulfur Recovery 299 1 77 522 
Hydrocracker 26,790 
Hydrogen Manuf. 27,371 26,149 

I nvestment ($M) 

Onsite 184,900 182,231 1 45,052 
Offsite 64,455 58,142 46,777 
Effluent Control 5,175 3,233 3,729 
Docks 28,358 1 7,988 26,465 
Tankage Crude 7,762 4,924 1 9,536 
Tankage Product 7,443 4,499 1 4,575 
Offshore Tankage 
Catalyst 2,062 2,704 
Royalty 1 ,889 5,480 

Total I nvestment 302,042 279,750 256,134 
Working Capital 60,855 38,602 79,154 

Total Funds 362,897 31 8,352 335,288 
Expenses-Cash ($/CD) 

Crude Oil* 875,372 551 ,205 902,935 
Butane 7,039 
Refining 87,222 66,438 48.850 

Total 969,633 617,643 951,785 
Cost of Product ($/Bbl ) 

( I ncluding 15% DCF 
Rate of Return) 6.28 6.77 5.75 

( I ncluding 15% DCF 
Rate of Return) 5.85 6.24 5.59 

*Offshore crude oil cost included duty on products imported to U.S. 

1 1 7  



As in Case 1 1 , (Tab l e  3 6 ) , there is  a surplus o f  approxi 
mat e l y  38 . 7 MB/ CD of naphtha a t  e ach offshore refinery . 
The comb ined economi cs o f  a l i ght pro ducts r e finery in 
District  I I I  ( Ca s e  1 3 ,  Table 3 7 )  and a heavy fuel o i l  
refinery offshore  (Case 1 4 ,  T ab 1 e 3 7 )  with an adj us tment 
for exce s s  naphtha , inaicat e s  an average cost  of $ 6 . 5 6 
p er barrel ( s e e  Tab le 3 2 )  . By comp ar ing Cases 1 1  through 
1 4 ,  it can be s e en that p roducing s ome res idual fuel o i l  
in a re f inery that pr imar i ly produces l i ght o i l s  tends 
to reduce the average cost  o f  a l l  products . Howeve r ,  
product re'al i z at ion is a l s o  held at l ow l eve ls becaus e  
o f  l ower cost offshore res idual fue l o i l . The net result 
is  that , a s  things now s t an d ,  c ap ac i ty is  not build on
shore for e ither l i ght p roduc ts or for  res idual fue l o i l .  

PRODUCT I MPORTS S CENARIO VERSUS NAT I ONAL SE CURITY SCENARI O 

Refiners are proj e c t ing that they could p hys ically ('>Xpand 
exist ing cap a c ity in Districts I ,  I I  and I I I  by about 4 MMB/CD by 
1 9 8 5 . Sin ce demand w i l l  incre ase by about 9 MMB/CD,  the shortfall  
wil l h ave t o  be made up thr ough new gras sroots  re fine ries or through 
product imports . Under the assumption that the 4 MMB/ CD of expan
s ion cap ab i l i ty is constructed , the f o ll owing s cenar i o s  were 
deve loped t o  sup p ly the remaining 5 MMB / C D .  

The Product Import S cenari o  i s  s hown as  C a s e  1 6  o n  Tab l e s  
3 8  and 3 9 ,  Th es e tab l e s  s ho w  the f irm p l ans ( extrap o lated t o  1 9 8 5 )  
for n ew o r  exp anded capacity rep orted o n  the 1 9 7 2  NPC survey o f  
refiners . However , thes e p l ans do n o t  necess arily imp ly that 
envi ronmental approval has or w i l l  be ·  forthcoming . Tab le 3 9  
indicates a s ho rtage o f  capacity in every distric t ,  except Dis trict 
I I I ,  and imp l i e s  that l arge volumes o f  product imports wi l l  be 
needed from o ffshore . . The economi cs of C a s e  1 6  show that the 
we ighted average p ro duct va lue (Tab le 38) is $ 6 . 0 7  per barrel f o r  
Di s t r icts  I ,  I I  an d I I I .  

Th e p roduct import r equi remen ts for D i s tricts  I V  and V are 
on the order of 9 4 4  MB/ CD ( s e e  Tab l e  3 9 )  and probably w i l l  have 
to come from s omewhere in the Pacific or even the Pers i an Gulf . 
Due t o  the uncerta inty o f  where this s upply w i l l  originate , i t  i s  
imp o s s ib l e  t o  e s t imate the c o s t  o f  supp l y .  

Al s o  shown o n  Tab le 3 8  are th e calculated b a l ance o f  trade 
and a s s o c i ated inve s tment costs  as s o c i at ed w i th the export of about 
5 MMB/ CD o f  refining capacity . The exported capacity mi ght be in 
exc e s s  o f  what c an p hys i cally  be constructed at p erimeter lo cati ons , 
b ut to the extent that offshore capacity is  displ aced furth er off 
shore ( i . e . , Europe o r  the Persian Gul f )  the average c o s t  w i l l  
increase s harp ly ,  mai nly due to transporting c l e an products in 
sma l l e r  s i z e  t ankers over greater d i s t ances . 

The Nat ional Security S cenario i s  s hown as  Case 1 7  ( s e e  
Tab le 4 0 ) . Whi l e  there are many factor� that transcend t h e  r e finery 
economics  s hown , Case 1 7  contemp l at es t h at government , indus try and 

1 1 8  



District I 
District I I  
District I l l  
Offshore 

Total 

TABLE 38 

COST OF MEETING I NCREMENTAL U.S. DEMAND BETWEEN 
1970 AND 1985 IN DISTRICTS I, I I  AND I l l  

· Product I mport Scenario (Case 1 6) 
New 

Demand Capacity 
(MB/CD) (MB/CD) * 

Total 
Number I nvestnient 

Refiheries ($MM) 

4,263 
2,7 1 5  1 ,008 5 2,360 
1 ,973 2,973 1 6  6,196 

4,970 ..1§. 1 0,245 

8,951 8,951 46 1 9,245 

Average Onshore Plus Offshore Cost of Products 
( I ncluding 1 5% DCF Return on I nvestment) $6.07/Bbl 

* See Table 39 for District Transfers and Imports. 

TABLE 39 

PRODUCT IMPORT SCENARIO-CASE 1 6  
(MB/CD) 

PAD District 
_ ·_I _ _I I  _ _1_1 1_ I V & V  

Capacity 1 970 1 ,500 3,492 5,227 2,436 
Capacity 1 985 1 ,500 4,500 8,200 3,500 

I ncrease 1 ,008 2,973 1 ,064 

Demand Increase 4,263 2,7 1 5  1,973 2,008 
Excess (Shortage) (4,263) ( 1 ,707) 1,000 (944) 
District Transfers 1 ,ODD 
I mports 4,263 707 944 

Imports by Product 
Mogas 1 , 1 37 297 
Jet 642 79 401 
Distillate 564 70 50 
Fuel Oil 1 ,450 86 340 
Other _1ZQ_ ___1l!L ---.lQ;L 

Total 4,263 707 944 

1 1 9  

Balance of 
Trade Cost 
($MM/Yr) 

8,463 
2,743 
4,032 

15,238 

Total 

1 2,655 
1 7,700 

5,045 

1 0,959 
(5,914) 
1 ,000 
5,914 

1 ,434 
1 ' 1 22 

684 
1 ,876 

798 

5,914 



TABLE 40 

COST OF MEETING INCREMENTAL U.S. DEMAND BETWEEN 
1 970 AND 1985 1 N  DISTRICTS 1 , 1 1  AND I l l  

National Security Scenario (Case 17)* 
New Total 

Demand Capacity Number Investment 
(MB/CD) (MB/CD) Refineries ($MM) 

District I 4,263 4,263 2 1  8,890 
District I I  2,7 1 5  2,715 1 4  6,430 
District I I  1 ,973 1 ,973 1 0  3,972 

Total 8,951 8,951 45 1 9,292 

Average Cost of Products 
( I ncluding 15% DCF Return on Investment) $6.24/Bbl 

. Assumes each district will meet its balance demand . 

Balance of 
Trade Cost 
($MM/Yr) 

6,054 
3,609 
2,677 

12,340 

the pub l i c  w i l l  conce ive of and c oncur on policies  that wi l l  r e 
s u l t  in al l new refining cap ac ity b e ing constructed onshore with 
b al anced cap ac i ty l ocated in Districts  I ,  I I  and I I I  t o  meet the 
needs of each distric t .  The cos t o f  s upp lying District  V under 
th e s ame the s i s  i s  s hown as Case 4 ( s e e  Tab le 3 3 ) . The National 
S e cur ity Scenar i o  product value is  $ 6 . 2 4 p er barr el or ab out $ 0 . 1 7 
p e r  barre l more than Case  1 6 . However ,  the balance o f  trade imp act 
is $ 1 2 . 3  b i l l i o n ,  or about $ 0 . 8 8  p er barr e l  l e s s  than the Product 
I mport S cenar i o .  Thus , while product value s increase and end us ers 
p ay s l i ght ly more for product s ,  the effect on the Nation is pos i 
t ive by a very s ignificant mar g in .  I n  this ca s e ,  a s  in a l l  other 
cases , it has been as sumed that crude o i l  quotas are avai l able at 
n o  co s t . N aturally , to the extent that s uch a cond i t i on does not 
p revai l ,  the added cost would raise the cost  o f  products made on
shore and result  in g iving offshore locations a greater comp e t i t ive 
advantage . 

SUPP LEMENTAL E CONOM I C  STUDIES 

L ight Products in Distr i ct I 

Refinery e conomics ove r the p as t  1 0  years favored the output 
of light  o i l  produc t s . This has meant increa sed convers i on of 
heavier  o i l  fract i ons to gaso l ine and home heating o i l  a t  incre ased 
leve l s  of cap i t a l  inves tment . I n  the event that future capacity 
increases  fol low the hi s tori cal p at t ern (but not as  add - ons to old  
cap acity) i n  new r e f inery faci l i t i e s , then Case  15  (Tables  4 1  and 
4 2 )  i l lustrates the c o s t  of producing predominant ly l ight products 
t o  meet D i s t r i c t  I l i ght o i l  requirement s .  The r e s i dual fuel o i l  
y i e l d  was limited t o  8 p ercent as  this  i s  approximately typ ical 

1 2 0  



TABLE 41 

CONFIGURATION FOR DISTRICT I L IGHT PRODUCTS 
REFINING-CASE 1 5  (8% FUEL OIL)  

Unit (B/SD) 

Crude Unit 
Vacuum Unit 
Reformer Pretreater 
Reformer 
Catalytic Cracker 
Catalytic Desulfurizer 
Distillate Oesulfurizer 
DAO Desulfurizer 
SDA 
Sulfur Recovery 
Hydrocracker 
Hydrogen Plant 
Alkylation 

I nvestment ($M) 

Onsite 
Offsite 
Effluent Control 
Docks 
Crude Tankage 
Product Tankage 
Catalyst 
Royalty 

Total I nvestment 

Working Capital 

Total Funds 

Expenses ($/CD) 

Expenses (Cash) 
Crude Oil 
Refining 

Total 

Cost of Product ($/Bbl )  
( Including 1 5% DCF Rate of Return) 
( I ncluding 1 0% DCF Rate of Return) 

1 2 1  

Mogas 
Refinery 

1 49,885 
70,746 
23,142 
47,454 
30,667 
1 7,723 
17,055 
1 3,6 1 6  
23,728 

161  
28,460 
27' 1 1 0 

5,442 

21 7,544 
69,427 

4,130 
1 1 , 1 66 

6,835 
6,339 
3,174 
2,862 

321 ,477 

40,433 

361,910 

551 ,528 
1 00,797 

652,325 

6.93 
6.27 



Product 

Mogas 
Jet Fuel 
No. 2 0il 
No. 6 Oil 2.0% Sulfur 

1 .0% Sulfur 
0.7% Sulfur 

LPG . 
Naphtha 
Asphalt 

Total 

TABLE 42 

REFINERY OUTPUT FOR DISTRICT I LIGHT 
PRODUCTS REFINING-CASE 1 5  (8% FUEL O I L) 

(Bbi/CD) 

Mogas 
Refinery 

53,342 
30, 1 1 9  
26,460 

4,800 
3,800 
3,246 
3,510 
4,5 1 0  
3,660 

1 33,447 

of the average now produced in U . S .  refiner ies . Th� p roduct value. 
is $ 6 . 9 3 per b arrel  - - we l l  above the current price these products 
woul d  bring ( i . e . , $ 4 . 8 5 p e r  b arrel i f  such a re finery wer e .  located 
in northern Florida) • 

The u s e  o f  nor thern F lo r ida as a p o int o f  locat ion compari s on 
is  arb i trary , but i t  represents a grassroots l o cation where  no 
refineries now exis t .  Any other l o cat ion a l ong the E a s t  Coast 
could have b een nominated wi thout introduc ing any sub s t antial 
effect  on the difference noted between requi red product v alue and 
current aveiage p r i ce s . The p o int o f  concern remain i ,  th�refore , 
th e very sub s tantial  difference b e tween c o s t  and price  ( $ 0 . 0 4 8  p e r  
g al l on a t  1 5  percent DCF) . This difference needs t o  b e  closed  
b e fore  fac i l i t i es whi ch make l i ght p roducts can be  considered 
e con6mi ca l ly a ttrac t ive on the U . S .  E ast Coas t .  Even if the required 
rate o f  re turn we re halved ( t o  7� pe rcent DCF) , the product value 
of $ 5 . 9 6 per barre l woul d be $ 0 . 0 2 5  per gal lon more than the current 
( De cembe r 1 9 7 2 )  we ighted average p r i ce of products produce d .  

E co nomi cs o f  Si ze for Large Offshore Re finery 

Case  7 on Tab le 3 3  attempts to s how the magni tude of s avings 
p o s s ib l e  through economics  of scale fo"r a 5 0 0  MB /CD b a l ance d  demand 
refinery l o cated in the Caribbe an . F i gure 1 3  s hows the c omp ar i s on 
with a smal ler o f fshore facil i ty meeting the s ame demand and f o r  a 
Dis trict  I r e finery a l s o  meet ing a b a l anced demand. Several Carib
b e an r e fineries are in the s i z e  range of 5 0 0  MB/ CD al though they 
are not balanced- demand type ins t a l l ations . H owever , l arge hydr o 
skimming type p l an t s  (ut i l i zing mixtur es o f  low- sul fur and high
sulfur crude o i l s )  are capable of p roducing fue l o i l s  at much l ower 
costs  than s hown in this s tudy . 
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Consequent ly , as long as fue l s  made in large offshore p l ants 
which use combina t ions of crude s and process ing operat ions have 
fre e acce s s  to th e U . S .  marke t ,  it wi l l  be most difficult for on
shore refineries to j us t i fy buil ding desulfur i zat ion capac ity to 
p r o duce l ow - sulfur fuel o i l s ,  regard l e s s  o f  what may happen t o  
increase  p r i ce s . On the other hand , t o  deny exi s t ing offshore fue l 
o i l  re f ineries  now in operat i on acce s s  t o  the Un i ted States for fuel 
o i l  would represent an unfair restri c t i on for those compan ies who . 
made commitments to produce fue l o i l  in accordance with the MO I P . 

Low-Sulfur Fue l O i l  C o s t s  

Con s i derable attent i on has been focus ed o n  t h e  cost o f  manu 
f acturing low- sul fur fuel o i l s . By comp aring Cases 8 ,  9 and 1 0  
( s e e Figure 1 7 )  the increase in ave r age product value can be s een 
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F i gure 1 7 .  E ffect o f  Reducing Sul fur C ontent in Fuel O il - 
Onshore Refinery D i s trict  I B a l anced Demand . 
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a s  fuel oil  sulfur levels decr ease . Comparing the s e  data with the 
y i e lds and costs  of Case  1 5  ( s e e  Tab l e s  33 , 34 and 3 5  versus Tab l e s  
4 1  and 4 2 )  i t  is  p o s sible  t o  e s t imate t h e  incremental cos t  o f  p r o 
duc ing var ious sulfur levels of No . 6 fue l o i l  r ather than only 
l i ght pro ducts . These c o s t s  are shown in the f o l low ing t abulat ion: 

Percent Sulfur No . 6 O i l  

1 . 0  
0 .  7 
0 .  3 

1 5 %  (DCF) 
( $ /Bb l . ) 

$ 4 . 0 9  
$ 4 . 2 7  
$ 4 . 6 7  

The s e  product values are for the spe c i al case in whi ch a 
r e f ine r decided to install a balanced demand typ e r efinery rather 
t h an a l ight produc t s  ref inery - - a l l  for Distr i ct I .  They do 
not app ly ,  howeve r ,  un l e s s  the refiner is in a p o s it ion to initially 
achieve a product value of $ 6 . 9 3 p e r  barrel for l i ght pr oducts - 

certainly not the case un der current c ondi t i ons ( 1 9 7 2 )  as exp la ined 
e ar l i er in thi s  chap t e r . However , i t  can be s een that be tween 
C a s e  8 an d Case 1 0, 1 . 2  p ercent mor e crude o i l  i s  needed to de crease 
s u l fur in fue l oil from 1 . 0  percent to 0 . 3  p ercent p lus a decrease 
in the vo lumetric heating value o f  1 . 4  pe rcent . Therefor e ,  it 
t akes 1 . 2  p ercent more crude and requires 1 . 4  p e rcent more vo lume 
t o  s at i s fy a given energy demand to change from 1 . 0  p ercent sul fur 
to 0 . 3  percent s ul fur in No . 6 o i l . 

Comp aring the o ffshore portion o f  Case  1 1  and Case 1 4  ( s e e  
Tab l e s  36  and 3 7 ,  respect ively) w i t h  the fo rego ing it em reveals 
that produc ing fue l o i l  o ffshore can r ange in co s t  b e tween $ 5. 0 6  
p e r  barre l and $ 5 . 7 5 p e r  barre l ,  where a s  producing fuel oil  onshore , 
as  di s cussed ear l i er , i s  much l e s s . This would indicate that once 
p roduct prices have re ached a p o int where onshore fac i l ities are 
j us t ified for l ight product s ,  it then be comes more comp etitive 
t o  manufacture fue l o i l s  onshore than to make them offshore . 

I nve s tment Tax Credit as  a Fiscal  Incentive 

There are several p os s ible f i s c a l  changes  whi ch might as s i s t  
in improving onshor e  refin ery e c onomi c s : ( 1 )  a more rap i d  depre c i a 
t ion for new o r  exp anded facil i t i es , ( 2 )  an in cr ease in the pe rcent 
a g e  o f  investment tax cr edit , ( 3) a f l exib l e  duty on imp orted 
p roducts and crude or ( 4 )  s ome f orm of tax on offshore facilit i e s . 
The last a l ternative i s  not  ap t t o  be e f fective s ince there would 
be no way t o  tax non- U . S .  comp anies who mi g ht l ocate offshore and 
sup p l ant exist ing U . S .  investments . Some combinat ion o f  the other 
thre e alte rnatives could provide a real inducement to b r ing cap acity 
on shore . However , r ather than evaluate each alternative sep arate ly , 
several cases  were examined relative t o  the investment t ax credit 
necess ary to offset  a l l  of the co s t  differ ence between an onshore 
and offshore locat i on for District  I demands . 
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As a r e s ul t  o f  exam1n1ng inve stment tax credits o f  7 p er cent , 
1 4  p ercent and 2 1  percent , it was determined that if the tax credit 
for new faci l it i e s  were increas e d  to 2 1  p ercent the rates of return 
curve s  would cro s s  at 1 1  p ercent and a p roduct value o f  $ 5 . 4 4 p e r  
barrel for on s hore and offs hore . refine r ie s .  With a tax credit 
offered at t h i s  l evel - - s ay for the first  1 MMB /CD o f  capacity 
ins tal led e ach year for 5 years - - there would probab ly be a s t e ady 
rever s a l  in the exporta t i on o f  capac ity , p rovided i t  becomes p o s s ible 
to obtain environmental approval of n ew p l ans wi thout delay .  With 
some comb ination of a lower inve stmen t tax credi t ,  a mode st increase 
in depr e c i at i on and a tariff or duty on p roducts produced offshore , 
the desired  r esult o f  increas ing refinery capacity onshore could 
be achi eved - - a s suming the l ong- term s e curity of crude oil supply 
is  as sured concurrent ly . 

Con clus i ons and Assumpt i ons 

The princip al e c onomic conclu s i ons of this s tudy are ( 1 )  
that the current prod uct price s tructure i s  low in comp arison with 
expected future product costs on shore and t o  a l e s s e r  extent o ff
shore an d ( 2 )  that the costs of pro ducing pro ducts in new refinery 
capac ity will  b e . l ower o ffshore than onshore . The f o l l owing 
t abul a t i on s hows pub l i shed prices  as of December 1 9 7 2  for the 
add i t i onal p roducts that wi l l  b e  re quired b e tween and by 1 9 8 5  (ex
pre s s e d  in do l l ar s  p e r  barrel o f  p roduc t) and the costs of making 
tho s e  products  in a new refinery in the Uni t ed States  and in a new 
refin ery o ffshore . C o s t s  j nclude an as sumed 1 0  p e rcent and 1 5  
p e rcent DC F rate o f  r eturn on cap i t a l  invested f o r  fac i l i t ies . 

Add i t i onal demand in 1 9 8 5  
a't 1 9 7 2 ' s  p r i ces 

Cost o f  addit i onal demand : 

in a d ome s t i c  refinery 

in an o f fs hore ref inery 

$ /Bb l o f  Product 

$ 4 . 8 5  

1 0 % (DCF) 1 5 % (DCF) 

$ 5 . 6 8 $ 6 . 0 7 

$ 5 . 4 2 $ 5 . 6 8 

I f  p ermi t t e d  to function , the forces o f  a free , competit ive 
marke tp l ace might b e  adequate t o  caus e the expansion or n ew con
stru c t ion of s ome of the neces sary ref iner i e s  at the l owest c o s t  
l o cat i on - - p robab ly o ff shore . Con s i dering , however , the enormous 
magn i tude o f  the p o tential s hortfa l l  in dome s tic cap acity and the 
fact that a comp l etely free uncon t r o l l ed market is unrealistic  to 
ant i c ipate , there will need to be pro grams that reco gni ze other con
s iderati ons - - mi l i tary or economic s e curity , b alance o f  p ayments or 
providing j ob s  for U . S .  citi z ens - - and provide greater overal l ben e 
fits  f o r  the e conomy o ther than co s t  s avings from using fore i gn 
refine r i e s . These  overriding bene fits  may requi re that new refining 
cap ac i ty be l o cated in the Uni te d  States . In such a ca s e ,  furth er 
inducement o r  some form of p roduct import  contro l wi ll be required . 
Whatever p o l i cy i s  adop t e d ,  it should b e  c l e ar an d quan t i tative . 
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I f  inve s tors beli eve that government inducement t o  build 
onshore refineries is  t empo rary , the e conomic attractiveness of 
doing so  wi ll be weakened . Any benefits , over and ab ove those 
neede d  to reduce the cos t s  of on s hore refiner i e s , would eventually 
be p a s s e d  on t o  consumers in the form o f  l ower p r i ce s . 

The imp l ications o f  ref ining cost  differences  between offs hore 
and onshore locat i ons under various cond it ions are. clearly i llus 
trated in terms o f  District  I supp ly . The s ame p r inciples app ly 
in other dis trict s , but more alternat iv e  s upply p atterns are p o s s i 
b l e  for D i s tr i c t  I .  

A s s uming t h at t here are no contro l s  on prices  and that a i e ro 
tax rate offshore can be achi eved ,  the supply c o s t s  as shown lead 
t o  the f o l lowing conclus ions : 

• A s s uming r e fi ne r i e s  can b e  b ui l t  i n  Dis tri c t  I and imports 
of light produc t s  are prohibi t e d :  N ew b alanced refine r ie s  
wi l l  b e  built i n  Dis trict I and wi l l  s av e  consumers about 
$ 0 . 4 2 to $ 0 . 5 0 p e r  barrel over br inging heavy fue l s  from 
offshor e .  The term "balanced r efinery" refers to a re 
f inery with a pr oduct s l ate o f  both  l ight and heavy p r o 
ducts proportional to t h e  p ro j ected growth in product 
demands . To a s sure the product i on o f  l ow- sulfur heavy 
fue l o i l  in D i s tr ict I ,  i t  might a l s o  b e  nece s s ary to 
l imit i t s  imp ort from special i z ed uni ts , such as low
sul fur crude o i l  topp ing p l ant s .  

• A s s uming refineri e s  �an be bui l t  in Di s tr i c t  I and imports 
of l igh t produ c t s  are permi t t e d :  B a l anced refiner ies w i l l  
be bui l t  offsho re t o  supp ly District  I demands a t  a s av ing 
o f  $ 0 . 1 6 to $ 0 . 3 9 p e r  barrel bver an onshore , balanced 
refinery . I n  other words , a c o s t  dis advantage o f  $ 0 . 16 t o  
$ 0 . 3 9 per bar rel  over and above t h e  crude o i l  import quo t a  
cost  must b e  overcome if t h e  ref iner i e s  are to be bui l t  in 
t he Uni ted State s . 

• A s s uming refineries canno t b e  b ui l t  i n  Di s trict I and 
l i g h t  pro duc t imports are prohi b i t e d :  There would be a 
s light advantage of $ 0 . 2 5 t o  $ 0 . 2 8 p e r  barrel to supplying 
Di s t r i ct I from balanced refineri e s  in D i s trict I I I  in 
stead o f  from l ig ht product r ef in e r i e s  in Distr i ct I I I  and 
heavy fue l o i l  refineries of fshore . As previously noted , 
it might a l s o  be nece s s ary to prevent fue l o i l  imports 
from low- su lfur crude oil  t opp ing p lant s . 

• A s s uming refineri e s  can�ot be b ui l t  i n  D i s tr i c t  I and l i g h t  
produ c t  impor t s  are permi t t e d :  B a l anced refiner i e s  would 
be built off shore to supply District  I at a s aving of $ 0 . 4 3 
t o  $ 0 . 6 0 p e r  b arrel  over an onsho re ,  balanced ref inery in 
D i s t ri ct I I I .  I n  other words , a c o s t  d i s advantage o f  $ 0 . 4 3 
to $ 0 . 6 0 mus t  b e  overcome i f  the  refineries are t o  be 
bui It in the Uni ted States  in the  event that they are 
prohibited in District I .  
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Offsett ing the cost  disadvantages o f  onshore r e fineries , the 
Nati on ' s  e conomy woul d  benefit from the cre at i on of U . S . j ob s , 
saving s in the balance of trade and a more secure r efining system.  
Again in terms o f  District I supp ly , Tab le 43 i l lustrates wher e  
the differenc e s  between expected offshore and onshore costs  occur . 

TABLE 43 

I LLUSTRATIVE COSTS OF ONSHORE VS. OFFSHO R E  
REFINERIES TO SUPPLY DISTR I CT I GROWTH I N  DEMAND 

($/Bbl of Product in 1985} 

Origin of Supply 
Onshore 

District I District I l l  
Crude Oil in Persian Gulft 2.65 2.63 
Transportation and Terminalling:f 1 .28 1 .21 
Duty 0 . 1 1 0. 1 1  
Operating Costs 0.48 0.45 
Product Transportation 0.51 
I nterest on Working Capital 0.08 0 .08 
Marketing Expense 0.05 0.05 
Income Taxes§ 0.52 0.45 
Return on Refinery I nvestment II 0.90 0.79 

Total ( 1 5% DCF Rate of Return} 6.07 6.28 
Total ( 1 0% DCF Rate of Return} 5.58 5.85 

Offshore* 
2.69 
1 .00 
0.29 
0.38 
0.27 
0 .10 
0.05 

0.90 

5.68 

5.42 

* The tabulation of cost,s shown in this table for an offshore refinery is not based on any particular location, nor are 
there currently any offshore refineries making the assumed "balanced" District I slate of products. Current offshore re
fineries are of the hydroskimming type, feeding mixtures of low-sulfUr and high-s� lfur crude; primarily produc'ing fuel 
oil for the U.S. niarket. Conse'quently, these costs are not intended to display actual circumstances of current offshore 
conditions. 

t Prices of crude oil in the Persia·n Gulf are the same. Figures in the table differ because they are expressed ln dollars 
per barrel of product, and product yields ·vary from location to location. Costs include butane purchases and· exclude 
cost of aCquiring import quota. 

· 

:f: Shipping at Worldscale 70 rates. Oil moves to District I by VLCC to a Caribbean terminal and thence by barge to 
the United States. District I I  I uses VLCC's and a man·made deepwater port. 

§ 48-percent tax rate onshore and·zero offshore. It is assumed that a refiner offshore will make full use of tax con
cessions. 

II 1 5-percent rate of return. Return is related to estimated refinery investments. Offshore refinery investments in
clude a power plant which onshore refineries do not have. 

I t  can be s ee n  that several co s t  var iations exis t between 
onshore and offshore r ef iner i e s . I n  general , the l ower crude o i l  
handl ing costs  and l ower operat ing c o s t s  offshore j us t  ab out off
set the duty on products  imp o r ted into the Uni te d  State s .  In 
add i t i o n ,  o ffshore refine r i e s  frequen tly enj oy tax advantages . 

Becaus e o f  the as sump t i on that crude o i l  imp ort l i censes are 
ava i l ab l e  at n o  cos t ,  thes e s tudies s how that p roviding refiners 
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with fre e  
enough o f  
onshore . 
t ions on 

acce s s  t o  foreign crude o i l  w i l l  no t ,  by i t s el f ,  be 
an incentive to cau s e  new grassroots  r e f inery cons truct i on 
Supp l emental  incentives o r  programs , such a s  firm res tric-

pro duct entry , are require d to  ensure onshore construction .  

I f  foreign taxes are as sumed t o  b e  h igher , o r  
return i s  as s umed t o  b e  lowe r ,  the $ 0 . 3 9 p er b arrel  
fore ign ref iner i e s  s hown in  Table 4 3  wi l l  be less . 
are i l lustrated in T ab le 4 4 .  

i f  the :rate of 
advantage o f  
These effects 

0 %  Tax Rate Offshore 
28% Tax Rate Offshore 
48% Tax Rate Offshore 

TABLE 44 

SENSITIVITY O F  PRODUCT COST 
TO I NCOME TAX RATE AND RATE O F  RETURN 

($/Bbl of Product in 1985) 

Advantage of Offshore Refinery over D istrict I 
10% DCF 15% DCF 

R• Rm 
of Return Of Return 

0.1 6 
0.05 

(0.02) 

0.39 
0. 1 7  

(0.02) 

The i l lustrat ive economi cs o f  a refinery lo cated in eastern 
C anada ( s e e  Tab l e  4 5 )  show quite a di ffe rent s e t  of e conomics than 
the cas e s  p revious l y  de s cribed . I n  e a s t e rn C anada , the current 
in come t ax rate i s  49 p ercent and , in add i t i on , there is  a 
s t atutory $ 0 . 0 4 p e r  b arrel environmen tal tax now app l icab l e .  As 
indicated by Tab l e s  4 4  and 4 5 , when the p e r imeter location inc ome 
tax rates are comp arable to dome s t i c  u . s .  t ax . rates , the economic 
advantage of o ffshore l o cations t ends to d i s appear vi s � a-vis an 
onshore l o cation.  

From the work.  done in this  s tudy , it would app e ar that any 
type of gra s sr o o t s  r efining fac i l i ty l oc ated o ffshore which has 
the s ame cost  opportunity o f  acquir ing crude oil  c an m anufacture 
a comp arab le s la t e  o f  products che ap er than a dome s t i c  refinery , 
provided an effect ive low tax rate i s  obtained offshore . 

As has been s hown , a b a l anced offshore re finery maintains 
an e conomi c advantage even it  if p ays duty on the produc ts it  
exports  to the U . S .  E ast Coas t .  Cons equen t ly , even wi th free 
acce s s  o f  crude o i l  into the Un i ted States  an offshore l oc at i on 
woul d h ave an e conomic advantage over a U . S .  l o cat ion , i f  product 
imports  are p ermitted  from the offshore l o cation.  Natural l y ,  any 
added c o s t s  for the o ns ho re locat ion s uch as a crude o i l  tari f f ,  
crude o i l  t icket co s t  or crude o i l  auc t i on c o s t  s imp l y  worsen the 
cost disparity and create greater p r e s sures to export  c apacity and 
in crease l i ght o i l  p ro duct imports .  
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TABLE 45 

I LLUSTRATIVE COSTS OF EASTERN CANADA REFINERY* 

Crude Oil in Persian Gulf 
Transportation and Terminall ing 
Duty Crude and Products 
Operating Costs 
Product Transportationt 
I nterest on Working Capital 
Marketing Expense 
49% Income Tax 
Return on I nvestment 

( 1 5% DCF Rate of Return) 

Total 

Pollution Tax 

Tota1 ( 1 5% DCF Rate of Return) 

Total ( 1 0% DCF Rate of Return) 

$/Bbl 
of Product 

in 1985 

2.63 
1 . 10 
0.29 
0.31 
0.20 
0.10 
0.06 
0.52 

0.91 
6.12 

0.04 

6.16 

5.76 

* Estimated from existing operations; hence the product slate is not wholly consistent with the product slate 
projections used to develop Table 43. 

t At Worldscale 1 25 rates. 

I f  product imports are not p e rmitted (as sump t i on i s  that 
they would be frozen at 1 9 7 0  leve l s )  and free access of crude 
o i l  i s  permitted to the Uni ted Stat e s , then th e economi c forces 
a t  work are pr imar i l y  U . S .  refining e conomics p er se , r ather than 
comp e t i t i on from fore ign l o cations . I n  this case , we f ind that 
th e c o s t  o f  pro ducing products relat ive to the current price 
l eve l s  for products  woul d provide v i rtually no return on inve s t 
ment incentive for a refiner to ins t a l l  b a l anced cap acity , as 
exp l a ined e ar l i e r .  

C on sequen t l y ,  the only capacity  increas e that would p o s s ib l y  
be s t imul ated b y  a f r e e  acce s s  o f  crude o i l  program would b e  that 
which could be unde r t aken as debottl enecking o f  exis ting faci l i ties  
i n  c onne ction with producing higher valued product s �uch as g as o 
l in e , j e t fuel , ke r o s ine , and dist i l l at e .  Debottlenecking 
f e a s ib i l i t y  is highly d ependent on e ach p articular ref inery ins t a l 
l at ion . Wi thout a detailed analys i s  o f  each refinery , i t  is  diffi
c u l t  t o  e s t imate how much could be  undertaken in e ach PAD Distr i c t .  
Howeve r ,  i f  tho s e  p roducts that are imp orted attract s i gnifi can t ly 
hi gher duties  than a t  present , then free  access  o f  crude o i l  
would greatly enhan ce the p o s s i b i l i ty o f  new capacity onshore . 
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INCOME TAXES 

The di ffe rence between the U . S .  and fore ign t axes can be a 
signi fi can t  e lement in d�termining the locat ion o f  a new re finery . 
Of all  the kinds o f  t axe s ,  income tax is the most imp o rtant . I t  
can often be a s  much as  2 0  t ime s the total o f  o ther t axes . 

The t ax s truct ure in several i llustrative countries where 
U . S .  r ef in ing cap ac i ty m ig ht be bui l t  has been examined for this  
r ep or t .  I n  s everal instan c e s , rates o f  income tax and the rel ated 
tax on divi dend s  (whi ch a fore ign subs i diary would b e  expected t o  
p ay t o  its  p arent) are i n  t h e  4 0  to 5 0  pe rcent rane e . The taxe s 
in the se count ries  are comparable t o  thos e  o f  the Uni ted States .• 

I n  several other countries , however , there i s  e i ther no in
come t ax or the governmen t , in an e ffo rt t o  s t imul ate e conomic 
dev e l opment , has offered tax ho l idays o r  special t ax a l l ow ances 
( such as fast depreciat ion) . The s e  areas have a s i gn i f icant ad
vantage over the Uni ted Stat es , not only be cau s e  of the favorable 
t axe s ,  but also  be cau s e  o f  the k ind o f  investment c l imate that 
s uch inducement s  sugg est . Exp er i ence indicates that the t ax s itu
a t i on may vary from t ime to tim e .  I n  s ome countr i e s  special nego 
t i a t i ons are p o s s ib le and refiner s w i l l  f ind that they may b e  ab l e  
to develop tax conce s s ions p art icularly sui ted to their operat i ons . 
On the other hand , as  countries  ach i ev e  their deve lopment goal s , 
or f ind the i r  economies unb a lanced by the inflow o f  refining c ap a 
c it y ,  t ax in ducement s t o  new investment are l ikely t o  b e  s t opp e d .  

Tab le 4 6  shows the p o s s ible variations i n  t ax r ates on r ef in
ing p ro j e ct s  in s e l ected per ime ter areas out s i de the Un ited State s . 
Summar i e s  o f  the tax s tructure o f  s everal countries  a re deta i l e d  in 
App endix G (Tab les 6 8 - 7 5 ) . 

PRI CE CONTROLS 

Wage and p r i ce cont r o l s  have come at an unf or tunate time for 
th� dome s t i c  r e f ining indus t ry .  P r i ces have been fro zen at levels  
whi ch are inadequate for j us tification of new ref ining c ap acity 
approp r i ate ly de s igne d for  the 1 9 7 0 ' s .  The  disparity b e tween 
product prices  requi red for accept ab l e  econom i cs on n ew refine ry 
cap a c i ty and the l evel o f  prices  a l lowed under the current contr o l s  
i s  s o  w i de that the detai l s  of the control machinery are not 
really  imp o rtant . The s i tuat ion is that contr o l s  are intended 
t o  maintain the s tatus quo ( i f  cont r o l s  funct ion p e rfectly)  rather 
than correct any econom i c  imba lance s .  There are only two alterna
tives for the futur e . I f  p r e s ent controls are retaine d ,  U . S .  
re f ining cap acity cannot econom i ca l ly exp and . I f  U . S .  refining 
capac ity is t o  exp and , then p r i c e  contr o l s  wi l l  have t o  be remov e d ,  
or a t  l east re l axe d ,  with t h e  expe ctat ion of r e f in ery gate p r o duct 
values r i s ing . 

Prevai l ing Price Lev e ls a t  Freeze  

Just  how it  came about that p ermi tt e d  p r i ce l evels  are 
insuf f i c i ent to supp ort  new ref inery investmen t is p robab ly a 
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TABLE 46 
INCOME AND RE LATED TAXES ON A REFINERY PROJECT 

IN SELECTED COUNTRIES 
(Dollars of Tax per Dollars of Pre-tax Profit) 

Amount of Tax 
Regular With Incentive 

Aruba and Curacao 
Bahama Islands 
Guadeloupe 
Jamaica 

$ 0.50 $ 0.21 

New Brunswick, Newfoundland 

Puerto Rico 
Trinidad and Tobago 
Virgin Islands 

0 
0.35 
0.57 
0.50 

0.50 
0.50 
0.50 

No�e: The taxes shown in this table are illustrative only. They include income and profits taxes and 
taxes on d"1vidends paid. There are numerous variations in tax concepts from country to country which have 
not been examined in detail. 

Tax incentives offered by the different countries also vary depending on the project, how it's organized, 
and the circumstances in the country at the time. They frequently have time limits. The taxes in the 
"With Incentive" column are an indication of the lowest tax rate that might apply, at least for a few years 
of the project's life. (Those figures in this column which are greater than zero reflect special known instances 
of negotiated rates and are not intended to be indicative of any future situation.) It is assumed that a 
refinery operator's overall tax affairs can be so organized that the tax savings can actuaUy be realized. 

0 
0 
0 

0.43 

0 
0 
0 

s ep arate s tudy in itse lf . 
bear ing are as fol lows : 

Some factors whi ch may have had s ome 

• Product values of mid- 1 9 7 1  were s t i l l  influenced primarily  
by the e conomics of proce s s ing incremental crude in an 
environment of surp lus r e f ining capac ity . Profits at 
that t ime and dur ing the several previous years were t o o  
low t o  j us t i fy refinery expans i ons . Thus , contr o l s  hap 
pened to fal l at the wrong p o int in the product price
r e fine ry cons truct i on cyc l e  relat i onship . 

• The s cope o f  faci lities  r e qu ired for new refin ery capacity 
i s  greater and more c o st ly than p re - 1 9 7 1  faci lities . Re
finers were in the proce s s  of a s s e s s ing the imp act of 
increas ingly diffi cult product quality and p l ant effl uent 
s tandards on r efin ery i nvestments . C l e arly , 1 9 7 1  product 
values did not represent r ecovery o f  cos t s  of do ing bus i 
n e s s  under the future gr ound rul e s . 

• A rapid e s cal ation in cons t ruc tion c o s t s  between 1 9 6 5  and 
1 9 7 1  r esulted in fur ther d i s couragement for building n ew 
r e f ining cap acity . C ontr o l s  came at the end o f  a peri od 
when c o s t  e s calation had outrun the economics of t echn o 
l og i ca l  improvements , p r o duct ivity and s cale  and before 
pr oduct prices  could adj u s t  t o  reflect the increase in 
c o s t s . 
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C o s t - P rice Sque e z e  

The e conom ic envi ronment in whi ch ref iners find themselves 
ha s b e en one of s t eadi ly increas ing costs wi thout compensating 
changes  in product pr ice . The cos t s  f o r  l abor , emp loyee benefi t s , 
mate r i al s , supp lies  and ut i l ities  have b een st e adily incre as"ing . 
Trad i t ional ly , petro leum and other energy has been supp l i ed to 
Ame r i c ans larg e ly from dome s t i c  s ources at rel atively low costs . 
The l atter p o int i s  demon s trated by the movement o f  both gaso l in e  
and crude o i l  prices  r e l at ive t o  o ther p r ice trends . 

For examp l e , over the 1 9 6 0 - 1 9 7 1  p er i o d ,  g a s o l ine p r i ces , 
including sharply in cre ased exci se t axe s ,  rose by l e s s  than half  
a s  mu ch as the consumer price  index for  a l l  i tems ( F igure 1 8 ) . The 
increase in gaso line p r i ces over that p eriod  amounted to 15 p e r cen t .  
T h i s  comp ares with a 3 7  p ercent increase  for all c onsumer it ems and 
a 3 4  percent r i s e  for nece s s it i e s  s uch as food and clothing . 

S imi larly , petroleum whol es a l e  p r i c e s  have lagged behind the 
r is e  in who l e s a l e  prices  gene ra l ly s ince 1 9 6 0 .  From 1 9 6 0  to 1 9 7 1 ,  
the p r i ce index for a l l  commodit i es r o s e  by 2 0  p ercent , while c rude 
oil p r i ces increased by 1 5  p ercent an d g a s o l ine prices by only 4 . 5  
p ercent (Fi gure 1 9 ) . 

Op erating cos t s  for e ach refin ery vary widely depending upon 
the s i ze of the refinery , the type o f  crude o i l  be ing charged ,  the 
typ e  o f  products b e ing produced an d the speci ficat i ons for the prod
ucts . As an i l lus tration , the ave rage hourly earn ings in the 
p e t r o l eum indus try ( s e e  F igure 2 0 )  are indicat ive of the incre a s e s  
in c o s t s  exper ienced over the l as t  1 1  y e ar s . 

In bri e f ,  the U . S .  ene rgy s ituat i on in the p ast has been 
character i zed  by p l enti ful dome s t i c  s up p l i e s  at r e l at ively low 
co s t s .  This ava i l ab il ity of low- c o s t  energy , particularly petr o 
l eum ene rgy , has sparked a n  economic gr owth thrus t that is  un
p ar a l l e led in world hist ory . 

CRUDE O I L  SUPPLY 

The problem o f  certainty of qua l i ty and quan.ti ty of crude 
o i l  to meet cont inuing U . S .  needs is very l arge an d comp l e x .  
I mp o rtant par t s  o f  t h e  problem are phsyi cal , economic , financial 
an d f inally p o l i t i cal . I t  is  e s s en t i a l ly a world prob l em and in
volves the demands o f  other nations , m o s t  imp ortantly We s tern 
Europe and Jap an ,  and the sup p l i e s  avai l ab l e  which are concentrated 
in r e l a t ively few p arts o f  the wor l d .  

Physi cal Factors 

N e ar - t erm pr oduct ion of crude o i l  wi thin the Un i ted States  
has p e aked . Much oi l remains to b e  d i s covered in the Un i ted Stat es ; 
add i t i onal o i l  c an .b e recovered from known depo s i t s  by s e c ondary 
an d tert iary me t hods if appropriate incent iv es exis t .  B ecause o f  
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F i gure 2 0 .  Ave rage H ourly E arnings for Petroleum . *  

1973 

this p o tential f o r  future oil  production , the Un ited States will  
no t become who l ly dep endent on others for o i l ,  but the rate  of  
accumul a t i on of n ew supp ly wi thin the Un i t ed States  will  probab ly 
be s l ower than the rate of consump t i on .  As a consequence , we 
may be required t o  import an increas ing prop o r t i on o f  our 
consump t i on of crude o i l  or the produc ts made from i t .  We imp o rted 
2 5 . 9  p ercent o f  required oil supp ly in 1 9 7 1 .  As d i s cu s s ed in 
U . S .  Ene rgy Out look , depending on whethe·r we f ind oil at a high 
rate o r  l ow rate , we may need to imp ort as  much as 65 p ercent of 
our supp ly by 1 9 8 5 .  

S ince Canad i an supp l ies are incap ab l e  o f  s upplying Canada ' s  
needs and ours too , most  o f  the imp o rted crude o i l  mus t  come from 
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ove r s eas by t anker . Becaus e South American s ources are l imite d , 
much of any addit i onal crude o i l  mus t  come from the Middle E a s t  
and Afr i c a .  The economic incent ive to transport t h e  o i l  in large 
s upertankers generally exceeding 2 0 0 ,  0 0 0  deadwe ight tons ( 2 0.0 MDWT) 
i s  grea t .  Ecological cons ide rations a l s o  tend t o  favor use o f  large 
tankers since the number o f  transporting event s is reduced , dimin
i s hing the p o tential for s p i l l s  especially from co l l i s i on in con
gested waterway s .  The river s and harbors of the Un ited Stat es , 
w ith the excep t i on of a p o r t i on o f  the coast o f  Maine and a part 
o f  Long I s land , do not have an adequate  depth t o  hand l e  the s e  l arge 
ve s s e l s . We w i l l  need,  therefore ,  to deve lop specially des i gned 
ports for o ff - lo ading s up e rtankers in the Eas tern S eabo ard , Gul f  
Coast  and We s t  Coast areas . Pipel ines mus t  then b e  cons tructed 
to del iver oil  from the wate r ' s edge to refining centers . 

E conomi c Factors 

The f inding o f  crude o i l , as we l l  as its recovery by s e c ondary 
an d tertiary means wi l l  be increas ingly more expens ive both wi thin 
the Uni t e d  States and abroad . The problem i s  much l arger than one 
o f  g eneral inflation o f  c o s t s . I t  is  axioma t i c  that man s eeks 
the e a s i e s t  task f ir s t , and easy - to - find crude o i l  has already 
b e en d i s co vere d .  Newer dis cove r i e s  o f  crude o i l  are and will  
continue t o  b e  found in incre a s i ng l y  ho s t i l e  environments - - in 
the arctic areas of Alaska , in the j ungl e s  of Africa , in the deserts 
and in deeper and deeper o ffshore wat ers . Moreover , in the Un ited 
Stat e s , new dis cover i e s  wi l l  b e  in much deep e r  strata o r  in much 
deep e r  water , both of whi ch require a geometric increase  in expen s e  
to achi eve the result ; Whether the s e  inve s tments a r e  made ove r s e as 
or at home , the price o f  crude o i l  mus t  reflect  the cost  o f  di s 
covery and p roduct i on,  co s t  of cap i t a l  and s ome profit incent ive , 
o r  the investment required wi l l  be unavailab l e . 

A prec i s e  evaluat ion o f  cap i t a l  requ irements for tank ships 
hing e s  upon the accuracy o f  p ro j e ct ing supply s ources . However ,  
i f  i t  i s  assumed that our t ot al waterborne o i l  requi rements in 
1 9 8 5  were to originate in the Pers i an Gul f ,  a f l e e t  o f  at least  
four hundred 2 00 MDWT t ankers would be requi red . This imp l i e s  
a n  inves tment o f  s ome $ 1 4 t o  $ 1 6  b i l l ion for ships b y  1 9 8 5 . I n  
o rder t o  p rovi de incent ives for such inve stments - - t h e  cost  o f  
cons truct ing and operat ing these  t ank ers , th e crude o i l  pipelines 
t o  refineries and the supertanker ports  - - must ul timat ely b e  r e 
covered from the consumer b y  vi rtue o f  the p r i c e  mechan i sm .  

The problems and e c onomi c s  o f  s torage o f  large quant i t i e s  
o f  crude o i l  a s  a hedge a g ani s t  p o l itical  interrup t ion o f  suppl ies 
are not only those of the indus try but also vital to the we l l - b e ing 
of this  Nation . This need for  s torage of material  vital  to the 
working of the U . S .  economy is a national s e curity cons i derat i on .  

An addit i onal economic factor whi ch must be cons idered - 
regardless  o f  the certainty o f  the foreign energy s ource - - is  
the outflow o f  U . S .  d o l l ar s  required to purchase these supp l i es . 
The NPC has proj ected that 1 9 8 5  energy imports  w i l l  c o s t  the 
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country b etween $ 1 8  and $ 2 6 bill ion as  comp ared to $ 3 . 6  b i l l i on 
in 1 9  7 0 .  

Financial Factor s  

The financial problem i s  two - f o l d .  Firs t ,  the industry 
must sp end cap i t a l  mon i e s  in the next 1 5  years at a much greater 
rate than her e t o fore . Secondly , attracting these sums from the 
finan c i al marke ts w i l l  be in a large measure dep endent on an 
adequate prospect o f  p rofitabil ity . 

P o l i t i cal Factors  

From the for e g o j ng it is concluded that the imp act o f  
un certaint ies in crude o i l  supply aris ing from p hys i ca l ,  economi c 
and f inan c ial factors  can be reduced by a program based on the 
workings of the free market . We p r obably have no cho ice s ince 
the Un i ted States  wi l l  be bi dding for these supp l i es against other 
n at i ons and vital nat i onal s e cur ity int erests  are invo lved . 

P o l i t ical factors contribute the great e s t  element of unce r 
tainty , espe c i a l ly s ince many are n o t  under our nat ional contro l .  
The Un i te d  States , Western Europe , J apan and other o i l  consuming 
en tit ies in the Free World will become incr eas ing ly dependent o n  
th e sup p l i e s  o f  Afr i c a  and the Midd l e  E a s t .  

One p o l i t i c a l  un certainty ari s es i n  the re lative s tab i l ity 
of the young governments of Afr ica and the Middle E a s t . Anothe r 
e lement o f  un cert ainty aris e s  from the functi oning o f  p ower b l o c s  
created by the gove rnmen t s  o f  the USSR and the Peop l e s '  Repub l i c  o f  
Chin a .  Finally , w e  must cont inue t o  negotiate price w i th the 
supplying nat i ons in cir cums tances where their p ercep t i on of va lue 
could cause maj or d i s agr eement at t h e  neg o t i at ing t ab l e .  

I t  i s  a world problem and , a s  a cons equenc e ,  world p r i ce will  
be s e t  not  j us t  by our own actions b ut by  those actions  o f  all  
consuming and p ro ducing countrie s .  However , there are dome s t i c  
p o l i t i ca l  e fforts whi ch can be unde rtaken t o  improve t h e  certainty 
o f  supply o f  crude o i l  to the Nation ' s  re fineries . They would 
provide incent ives to inves tment in dome s t ic energy s upp l i e s . 

I t  i s  evident that o i l  indus try c o s t s  in the forthcoming 
period w i l l  accelerate more rap idly than general price  l evels  in 
the economy . This imp l i e s  a dedicati on of a great er fraction o f  
disposab l e  income b y  the c i t i zen in acquiring energy , be it gas o 
l ine , heating o i l  o r  e l e ctric ity . E fforts by the U . S .  Government 
to r e s train prices  for p o l i t ical reasons will  adve r s e l y  affect 
profit incent ives in all  s e ctors of the oil indus try . Such dis 
incent ive to inves tment would later b e  manifested by shortages as  
demand grows . Ar t i f i c ial st imulation o f  investment by the govern
ment could then be expected to ensue , ac comp anied b y  a sub s tantial 
inc rease in degree o f  regulation . 

Such a proce s s  would l ack s tab i l ity and effic i ency , and con
t inu ing problem s  and unc ertaint i e s  i n  energy supply could be ex 
p e c te d .  I t  would appear that government act ion s hould b e  t oward 
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a free market , not away from i t .  Investment s made where cap i t a l  
r e covery i s  expected only over periods o f  1 0  o r  1 5  years depend 
imp o r tantly on the predi ctabi l i ty of market forces and ac tions 
of g overnment . The Federal G overnment could do much to a s s i s t  
s tabi l ity in the sup p ly o f  crude o i l  ( hence , ene rgy product s )  by 
adop t ing a Nat i onal Energy P o licy ar ound which the country could 
r a l ly .  

C ONS TRUCTI ON COSTS AND L I M I TAT IONS 

In addit ion to such refinery expans ion constraints as financ
i n g ,  s i t ing and env ironmental problems , the increas ing cost  o f  
cons truction has a l s o  contributed · to the shortfa l l  o f  refinery 
c apac ity . For ins t ance , construction c o s t  indices  have r i s en 
over 5 0  percent during the decade o f  the 1 9 6 0 ' s .  

Cost  o f  cons t ruction is  l e s s  in the Caribb e an than in the 
C anadian Maritime Provinces and at most U . S .  locations , except the 
Gulf  and We st Coas t s . As an examp l e , contractors act ive in many 
d i fferent areas offer the f o l l owing cost  factors fo r cons truction 
o f  s imi l ar faci li ties r e l at ive to the Gulf Coast : 

Areas 

Canada , Mari t ime Provinces  
Gulf Coas t 
Caribbean ( Jamaica - Puerto 

Rico - Virg in I s l ands )  
E ast Coast  (Balt imore - Phil adelphia)  
Midwe s t  (Chi cago - Kan s a s  C i ty) 
We st Coast 

Cost Factors 

1 . 2  
1 . 0  

1 . 1  
1 . 1 5 
1 . 1 5 
1 . 0  

Furthermore , more s t ringent environmental cons iderat ions in the 
Un i te d  States and C anada fo r future const ruct ion wi l l  incr ease the 
co s t  p e r  barrel o f  throug hput r e l at ive to the costs at a Car ibbean 
s i t e . 

P o s s ib l y  the most s i gn ifi cant factor in future construct ion 
co s t s  is not the cost difference between locations , but the effect 
o f  the total work l o ad on the cons truction industry .  Since 1 9 5 2 ,  
r e f in ing and chemi c al industry expenditures fluctuat ed around $ 3  
b i l l ion unt i l  it p eaked at ne arly $ 6  b i l l ion around 196 6 -1 9 6 7 .  Ex
penditur es have been cycl i c  in nature and e ach peak period has 
b e en accomp anied by s i gn s  o f  s t re s s  in the indus try - - almost 
comp l ete r e l i ance on more c o s t ly " co s t -p l u s "  contractual arrange
men ts , s low equipment d e l iv er i e s , poor  qual ity o f  work , l abor 
s hortages  and pre s sures for overtime . Desp i te these problems , 
f a c i l i t i e s  were comp l e ted , a l though at a higher cost  and on a de 
l ay ed s chedul e .  

Al though the future i s  extremely difficu l t  t o  predict , the 
need for incr eas ing levels  o f  inve s tment in the refining indus t ry 
a l one i s  great . Ther e wi l l  b e  a need for addi t ional refinery cap a 
c i t y  s e rving the Un ited  S t a t e s  of ab out 1 1  MB /CD between 1 9 7 0  and 
1 9 8 5  which wi l l  require a t o t a l  of as much as $ 2 3  b i l l i on - - o r  
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$ 1 . 5 b i l lion annual ly .  Thi s expans i on inves tment , p lus capital 
investments in the refin ing industry for product qual ity improve
men ts , environmental obligat i ons , and mo dern i z at ion for ob s o l e s 
cence o r  effic iency and probable incr.eases  i n  investment i n  the 
chemi cal indus try , wi ll t ax or exceed the capac ity of the "heavy" 
cons t ruct ion indus t ry .  Many in the petro leum indus try have 
que s t ioned the abi l ity o f  the construc t i on indus try to meet thes e  
future expan s i on requirement s  with r e a s onab l e  co�ts and minimum 
de l ays . 

To unders tand the current capabil ity o f  that port i on o f  the 
construct i on indust ry associated wi th refin in g  and chemi cal 
p lant s , three main factors have b een examined s eparat e ly .  Thes e 
are eng ineering contractors , mat e r i a l  supp l i ers and fabricat ors , 
and cons truc tion l abor . 

Engineering Contractors 

Eng ineering contractors have drast ically r educed their forces 
s i nce the p e ak years o f  the mi d- 1 9 6 0 ' s  becaus.e o f  the s l ump in 
r e fi ning and chemi cal - type cons truct ion . Many o f  the engineers 
have moved to nono i l  indus try j ob s .  As a who l e ,  howeve r ,  contractors 
h ave b e en s ucce s s ful in reta ining many of their key emp l oyees at 
all leve l s , and this cadre wi l l  s erve as a bui lding b l o ck for 
exp an s i o n .  Hope ful ly , many of the c ontractors ' former emp loyees 
will return to the cons truc t i on indus try when the need ar i s e s . 
Furthermore , there is a p o o l  o f  retrainab l e  people former ly as s o c i 
ated w i th the defense re lated indus t r i e s . However , process  eng i 
neers w i l l  remain the mos t  critical  discip l ine . 

The Fluor Corporation in mid- 1 9 7 2  made a proj ect ion o f  th e 
outlook for the U . S .  engine e r ing and cons truct ion market for the 
n ext 5 years ( s ee Tab le 4 7 ) . Although no attemp t has been made t o  
verify their pr oj e ction for each cate gory , their e s t imate for p etro 
l eum refin ing is  reasonab ly con s i s tent with the one put forth b y  
this Commi t t e e .  I n  any cas e ,  this t ab l e  indi cat es t h e  magnitude 
of t e chni cal manpower problems the cons truct i on indus t ry w i l l  face 
in the future . Tbis te chnical manpower may b e  s l ightly l e s s  than 
indi c at e d  - - t o  the extent that future refin ing proj ects are o f  
l arger s c ale , l e s s  eng ineering manpower per barrel p er day of 
cap a city will  be neces s ary . S im i l a rly , a greater than his  tori cal 
gras s r o o t s  exp ans i on results  in a hi gher propor t i on of offsite  
fac i l i t i e s  which require l e s s  eng ine ering support . I n  any case , 
t echn i cal manpower wi l l  have t o  g row rap i dly t o  undertake the 
exp e cted flow of cap ital commitmen t s . 

Material  Supp l i ers and Fabri cators 

A survey of 1 8  l e ading manufacturers and fabr icators s erving 
the r e fi ning and p etrochemical industries  was made in 1 9 7 0  regard
ing g r owth o f  their product ive capac i ty . On the average , they 
reported an annual growth in capacity  of 8 p ercent during the 
1 9 6 5 - 1 9 7 0  p er i o d .  Whi le l imited activity in the p a s t  2 or 3 years 
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TABLE 47 

U.S. ENGINEERING AND CONSTRUCTION MARKET OUTLOOK - 1 973·1977 
(Capital Commitments - M illions of 1973 Dollars) 

Petroleum Synthetic Natural Gas Synthetict Residuum 
Petrochemicals* Refining Liquids Coal Crudes Desulfurization 

1973 2,200 1 ,300 300 700 700 550 

1974 2,500 1,350 500 350 400 500 

1975 2,650 1 ,500 700 500 700 500 

1976 2,900 1 ,600 700 700 400 350 

1977 3,100 1 ,650 700 900 800 450 
---

Total 13,350 7,400 2,900 3,150 " 3,000 2,350 

(38.4%) (21 .3%) ( 17 .4%) . (8.6%) (6.8%) 

* Excludes work by captive personnel. 

t I ncludes liquids from tar sands, shale oil, and coal liquefaction. 

:F includes gas treating, domestic and overseas liquefied natural gas (LNG) facilities, and -foreign contracts. 

§ Calculated at $1 90,000 in-place.plant per technical man-year. 

II U.S. technical manpower (major -E & C) staff estimated at 18,000 on 1/1/73. 

SOURCE: The Fluor Corporation, 1972. 

Miscellaneous * 

140 

500 

450 

800 

750" 

2,640 

(7.6%) 

Ave. Tech.§ 
Contd. Staff 

Total R equired 

5,890 20,50011 

6,100 25,200 

7,000 32,000 

7,450 36,900 

8,350 39,800 

34,790 

( 1 00%) 



may have forced th em t o  deve lop o th e r  out l ets for their cap ab i l i t i e s , 
i t  i s  reas onab l e  t o  assume that they can once again match and even 
exceed the capac ity reached dur ing 1 9 6 6  t o  1 96 7 .  

Construction Labo r 

Cons truct ion l abor i s  an enigm a .  The s k i l l s  o f  and the num
b e r s  in the l abor p o o l  in a geograp h i ca l  area tend to be de termined 
by the his torical l evel and typ e o f  activity in that are a .  Today ' s  
craft sman is  relatively immobile  and he is  not too  inter ested in 
trave l ing to a distant j ob s i te j us t  for the s ake o f  emp loyment . 
I f  h e  is mob i l e , he tends to migrate t o  the pr oj ects that are p aying 
l arge amounts of ove r t ime . Local l ab o r  l e aders t ake vary ing att i 
tudes toward accepting the worker who w i l l  trav e l  and t o  a l l owing 
th e l o cal res idents with s ome s k i l l s  to w ork on a p ermi t  basis . 
Recent incentives t o  increase the s i ze o f  th e l o ca l  l ab or organ i z a 
t i ons have been minima l becau s e  there has been s ome degree of 
unemp l oyment in many area s . As a r e s u l t  of thi s , apprentice train
in g has moved s lowly . In fact , the level  o f  app ren t ice training 
�ay not h ave b een sufficient to r ep l ace attrition in s ome o f  the 
craft s . In areas where the numb ers o f  craft smen have increas e d ,  
th ere i s  probab ly some form o f  l ong - term emp l oyment opportun ity 
forese en that wi l l  accommodat e the increas e .  

I n  view o f  the above cons ide r a t i ons , i t  i s  probab le that the 
numb e r s  o f  craft smen readily ava i l ab l e  for re finery c on s truction are 
no t much greater , i f  any , than we re ava i l ab le dur ing the last  indus 
t ry construction p e ak . To dup l icat e the p eak , one mus t  ant i cipate 
th e s ame pressures for overtime that exis ted befo r e ,  p roductivity 
problems and addit ional l everage f or h i gher comp ensation.  Further
mor e ,  this increased act ivi ty in the p ower generation field may 
h ave its  greatest  imp act in the area o f  construction l abor and 
thereby adve r s e ly affect the refining indus try . 

In summary , it would appear that the engineer ing contr act o r s  
and t h e  material s up p l i er s  and fab r i cators wi l l  be a b l e  to achieve 
o r  s l ightly exceed the p eak act ivity demonstrated during the 1 9 6 6 -
1 9 6 7  p e r i o d ;  however , i t  remains very uncertain that they can me e t  
a l l  the future cons t ruction needs . Construction labor w i l l  probably 
be l imit e d ,  and re l i e f  w i l l  come only if lab o r  accep ts the cha l lenge 
t o  open empl oyment channe l s . Although the labor r e s ource is  the 
mo s t  que s t i onab le of the three areas , the ava i l ab i l i ty of the 
t echnical manpower may a l s o  be come l imiting . 

Outs ide Factors in Other In dus tries 

P ow er Generat i on 

The power generat i on industry s t arted an expans ion program in 
t h e  late  1 9 6 0 ' s  that has b e en s e t t ing n ew peaks . There is a need 
for expans ion as witne s s e d  by the actual o r  threatened brownout s 
in var ious p arts o f  the country . I n  a l l  probab i l i ty ,  the p e ak 
expenditures have not  yet o ccurred in this s e ctor p articul arly if 
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there is  a s igni fican t  move toward s t ack gas e ffluent control de 
vices . Prob lems in obtaining p ermits and sui t ab l e  s it e s  have at 
l e as t  partially acc ount ed for a backl og in the p ower generat i on 
indus try and ,  thus , there is  a contained demand that can break 
l o o s e  in the future . 

For many o f  th e same reasons , the power gene rat i on industry 
now is  tending t o  l ocate their new faci l i t i es in the s ame general 
ar eas that are attract ive t o  the r efining industry . Thus , there 
is bound t o  be a confl ict for con s truct ion l abor in the s e  are as . 
The imp act o f  thi s deve lopment has yet t o  be a s s e s s e d  as  the demand 
in th e two indus tries has . not yet p e aked at the s ame t ime . T iming 
of the expan s i ons in the s ame area wil l be critical . 

Synthet i c  N atural Gas (SNG) and Li que fied Natural Gas (LNG) 

There are a numb er o f  p l ants (both SNG and LNG) now being 
en gineered and cons tructe d .  While the exact future of this indu s 
t r y  i s  far from c lear , p ending fur ther rul ing s by t h e  Federal 
P ower Commis s i on ( FPC) , i t  can imp act on refinery con s truction 
in s everal aspects  - - cons truction engineer ing and l abor and 
mat e r i al fab r icato r s , p articul arly tho s e  s upplying rotat ing e quip 
ment s uch as compre s s or s .  Cert ainly there will  b e  competition 
for  the  technical eng ineer ing staffs o f  the  construction comp ani e s . 

Just as  with uti l i t i e s , the l o cations tend to b e  near p opula
t i on centers , the s ame areas th at are be coming increas ingly attrac
tive t o  refineri e s . Rap id expan s ion in this indus t ry will compete  
directly  for f i e l d  manpower . Shou l d  the SNG and LNG industry b e 
come more s i gni ficant , there wi l l  be d i rect comp e t i t i on with the 
re fining industry in all aspects of construct ion . The end result 
might we ll be a s haring of the construct ion reso urce s  and a r e 
duct i on in the capab i l ity t o  expand refineri es . 

Un conventi onal Raw Mater ials 

As more emphas i s  is p l aced on deve lop ing unconvent ional s ources 
for raw hydrocarbons , comp e t i t ion wi l l  deve lop in the contractors ' 
shops and w i th the supp l i ers and fabr icators o f  mat erial ahd equip 
ment . S ince t e chno logy is  s t i l l  under deve lopment in this f i e l d ,  
i t  is  r e a s onab l e  t o  as sume that this c omp e t i t ion w i l l  n o t  deve lop 
unt i l  late in the decade and that it wi l l  first  be noticed in the 
contractor s• o ff i ce s . At leas t insofar as needs through 1 9 8 0  are 
concern e d ,  the con f l i c t  s houl d be min imal . Forced accele ration o f  
a p rogram t o  deve l op unconventi onal s o.urces , however , could affect 
this j udgment . 

Con c lus ions 

I t  may not  b e  p o s s i b l e  for the cons t ruc t io n  industry to meet 
all o f  the fut ure demands of the refining indus try �i thout excess ive 
c o s t s  and delay s  t o  the industry .  Cons truction l ab o r  w i l l  prob ab ly 
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be the l imiting fact o r .  Many of the p roblems a s s o ciated with the 
p e ak years of 1 9 6 6 - 1 9 6 7  will again be encounter e d .  Generally , 
expans i on wi l l  t end to occur at or near the exi s t ing r e fineries . 
New s i tes in other labor markets would a s s i s t  in s o lving the l ab or 
problem .  Comp e t i t i on with the power generation indus try will  de 
tract from e s t ab l i s hing new refining center s near marke t concen
trat ions . 

Further d e l ay o f  the expans ion program w i l l · create the need 
for higher annual exp enditur e s , historica l  inv e s tment opp ortunities  
may have to be  s e t  a s i de and environmental and incomp leted lead 
r emoval proj e c t s  may have to be deferre d .  S ign ifican t  expenditures 
for p roduct imp rovement s or specifi cation changes w i l l  present 
p roblems even unde r the normal expenditure s chedule :t o r  exp ans fon 
un l e s s  envi ronmental expenditur e s  are delayed . I n  the delayed 
exp ans ion case , expendi ture s of this nature l ikely would be imprac
tical . 

REF I NERY FUEL 

The avai labi l ity and cost  of fue l s  have become recent p rob lems 
whi ch must be cons idered in building new re finery capacity in the 
Un ited States . Wher e as dome s t i c  refineries have enj oyed a very 
f avorab le climate in t erms o f  fue l  c o s t s  in the p as t ,  this s ituat i on 
is  chang ing , and the out l ook is  toward s ub s t ant i ally higher levels 
for the future . One effect of the s i gn i f i c ant increase in fue l cost  
exp e ctat ions i s  a s h i ft in the relat ive p o s i t ions o f  s uch costs 
between dome s t i c  refinery and offshore r e finery l o cat i ons . In 
o ther words , the historic  ref inery fue l  c o s t  advant age of dome s t i c  
l o cat ions , p ar t i cular ly o n  the Gul f C o a s t  but a l s o  i n  other domestic  
ar eas , is expected to disappear and b e come an e conomic dis advantage 
versus offshore locations in terms of new ref inery cap ac ity . 

There are s everal reasons for this marked change in outlook 
for fuel costs  for new dome s t i c  refinery cap ac i ty . The p r incip a l  
factor i s  the future ava i lability and value o f  n atural  gas . Although 
dome s t i c  refineries us e s igni f i cant volumes o f  fue l  o i l ,  re finery 
g a s e s  and petro l eum coke for fue l ,  a high proportion of fue l 
requ iremen ts are met by external sup p ly in the form o f  n atural 
g a s .  I n  1 9 7 1 , natural g a s  accounted for ab out 4 0  p ercent o f  the 
fue l s  con s umed at dome s t i c  re finer i e s  nationally and almo s t  6 0  
p ercent of such fue.l s consumed in PAD Dis trict I I I .  Furth ermore , 
other re finery fuel s upp lements have tended to be valued in r e l a 
t i on t o  n atura l g as prices  whi ch , unt i l  recent ly , a t  Gul f Coast 
l o cat i ons could b e  obtaine d at l e s s  than half the cost of dome s t i c  
crude o i l . Fue l c o s t s  i n  other dome s t i c  l o ca t i ons generally 
reflected the added transportat i on c o s t s  o f  gas and the comp e t i tive 
economi cs of a l t ernate fue l s .  

B e caus e o f  l imited natur al gas supp l i es , there i s  a t  pres ent 
b o t h  an active gas curtai lment program by supp l iers , which is 
reduc i n g  the avai l ab i l ity for refinery fue l ,  and also  a trend 
t oward higher a l t ernate use values for n atural gas from the histor
i ca l  low levels  o f  the  past . Whi le refineries rece ive natural gas  
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s up p l i e s  from a var iety o f  s ource s , s uch as from their own producing 
functions , from intrastate supp l i ers and from n atural gas ut i l i ties , 
th e p o s s ibility o f  obtaining natur a l  gas  for a large new or sub
s t antial ly expanded ref inery appe ar s  dim for all  l o cat i ons . Such 
a shift in deve l opments p o ints toward total dep endence upon r e finery 
p r o duced p ro duct for r efinery fuel at s ubstant i a l ly hi gher c o s t s  
for the s e  p ro j ects . The ava i l ab i l ity of low - c o s t  natural gas for 
hydrogen an d j o int p etrochemical operations , as  we l l  as the s upply 
o f  related natural gas l iquids feed s to cks for both refining and 
p e t r o chemi cal s ,  are integral p arts o f  this problem.  

At the s ame t ime that the outlook i s  changing r adically for 
re finery fuel costs  in t erms of p a s t  dep endence upon l ow- cost 
e xt ernal natural gas  supp l i e s  for new domestic  proj ects , al ternate 
fue l choices  mus t  be made on the b a s i s  of environmen tal improve 
ments , both in refinery products p roduced for s a le and tho s e  p r o 
ducts produce d for p lant consump t i o n .  In particul ar respect t o  
refinery fue l s , sulfur specifi cati ons mus t  b e  p l anned to meet 
em i s s i on s t andards whi ch are being s e t  forth by all  the stat e s . 
From an economic and alternate fue l  s t andp o int , the net effect 
is a further r i s e  in cos t  and the e limination of h i gh- sul fur con
t ent supp l i es of fuel o i l ,  coke and coal from cons ideration in 
n ew proj ects . 

In contr ast to new dome s t i c  refin ery capacity , p l ants l o cated 
o f fs hore to supply petro leum markets  in the Un i ted States mus t  
meet dome s t i c  pr oduct s al e  specifi cations but g enerally are p e r 
m i t t e d  to burn fuel with a higher sulfur conten t .  Whi le mos t  such 
l o cations do not have acce s s  to natural  gas  supp l i e s  and fuel and 
hydrogen are produced internally from o i l , the absence of sulfur 
emi s s ion s t andards resul t s  in l ower fuel costs  than comp arab l e  
n ew cap ac i ty fue l ed b y  o i l  at dome s t i c  l o cations . 

In summary , the very favorab l e  fue l cost  climate enj oyed 
by · th e  dome s t ic r e finer is in a process  of change . Limited s upp l i es 
and al ternat e  value econom i c s  have entered the p icture in the case 
of n atural g a s , and em i s s i on regulations have chang ed the out l ook 
for alternate fue l s  by e l iminating the consumpt ion o f  high- s u l fur 
content fue l s �  Thus , the domestic  ref iner is faced with an increase 
in fue l costs for ne� or expanded c apac ity from the historical 
l ev e l  of l e s s  than half the cost  o f  dome s t i c  crude oil to the 
equivalent of s weet  crude c o s t s  or highe r .  Changes  in the l evel 
of fuel value w i l l  also  force a change in the value o f  l i ghter 
r e f ined product s ( C 3 , C 4 ,  C 5 ) with alt ernate s ales p o t ent i al , 
t ending to incre a s e  the 1 r  s al e s  price as an incentive for removal 
from r e f inery · fuel ; Although s trong incentives exist  to minimze 
heat r equiremen t s , such a l arge incre a s e  in fuel costs  cannot 
be o f f s e t  by gains in efficiency.  These deve lopments have intr o 
duced new p rob l ems into re finery construct i on p l anning , both in 
t e rms of hi gher dome s t i c  costs  and in terms of the compe titive 
econom i cs of var i ous l ocat i ons . 

PETROCHEMI CAL FEEDSTOCKS 

The pr imary e f fe ct of the " energy cri s i s "  on the p etrochemi 
cal indus try w i l l  be a switch from natural g as l iquids feed s t o ck 
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t o  heavy l iquids feeds derived pr ima r i ly from r e f ining op erat ions . 
As s o c i ated with this  change in feeds t o ck wi ll b e  a s i gni fi cant in 
crease in p roduc t i on o f  ene rgy by -products by the petrochemical 
indus try .  Thus , c l o s e  coordinat ion of op erat ions and p lanning 
between the refiner and p etrochemical  producer wi ll be required 
in the future . 

· 

The huge cap i t al inve s tments that must be made in heavy 
l iquid o l e fins un i t s  r equire that th e industry s eek new w ays to 
share the risk  o f  thes e ven tures through creative contractual 
arrangements . For the p a s t  two years there has be en much d i s cus 
s i on on the impending " energy cr i s i s "  which the Un i t ed States  i s  
facing . For the m o s t  p art this " cr i s i s "  has been interpreted as  
an imb al ance b etween dome s t i c  supply and demand of crude o i l  and 
natur a l  gas wi th the inevi t ab l e  effe ct of an incre ased dep endence 
on imp o rted o i l  and g a s .  F igure 21  is  a typical  analy s i s  of the 
p roblem in thi s regard . 
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F i gure 2 1 .  U . S .  Dome s t i c  O i l  and Gas Consump t i on and Supp ly . 
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Recently attention ha s be gun t o  b e  focused on the chang ing 
s tructure o f  the indus try �s it move s to heavy l iquids as fee d 
s tock for o l e f ins manufacture . The purp o s e  o f  the following s e c 
t ion is  t o  as s e s s  the e ffect of thes e two aspects o f  the energy 
c r i s i s  on the pe tro chemi cal industry dur ing the 1 9 7 0 ' s .  

Demand for B a s i c  Petrochemicals 

Olefins and aromat ics  are the bas i c  p etr ochemicals  on which 
the U . S .  petrochem i cal industry is  b a s e d .  T h e  demand for these 
b a s i c  petrochemc ial s is  s upported p r imar i ly by the demand for 
p l a s t i c s  and fibers whi ch are proj e cted t o  grow at a rate of 10  
to 1 3  p e rcent p er year dur ing the 1 9 7 0 ' s .  Over 5 0  pe rcent o f  all 
aromatics and o l e fins are consumed in the s e  end uses . 

Indus try proj e ct ions of the growth rate for the maj or b a s i c  
p e t r o chemi cals vary from 7 to 9 p ercent p er y ear . * t+  A s  shown 
in F i gure 2 2 ,  th e demand for these p e t rochemicals is proj ected to 
increase from 33 b i l l ion pounds in 1 9 7 0  to as much as 80  b i l l ion 
p ounds by 1 9 8 0 .  Ethylene alone i s  proj ected t o  grow from 1 6  
b i ll i on pounds t o  3 3  t o  4 0  b i l l ion pounds . by 1 9 8 0 , an average 
incr e a s e  o f  7 . 5  p ercent to 9 . 5  perce nt per year . 

Ole fins Plant Feedstocks 

At the current t ime , petro chemi cal feedstocks for the p roduc
t ion of ethyl ene are largely ethane and propane recovered from 
natural gas proce s s ing ( LPG ' s ) and ,  to a l e s s er extent , from 
l i quefied refining gas ( LRG) op erat ions . The s e  material s ,  together 
w i th other refinery g a s e s , account for over 8 0  p ercent of the 
current U . S .  e thylene pr oduction . § � Future s upp lies  of these LPG ' s  
a nd LRG ' s  are s uf f i cient to sati sfy current demands and to pr ovide 
for modes t  expans i ons of e thylene pr oduct ion capac ity . However , 
as  shown in F igure 2 3 ,  p r oj ected supp l i e s  w i l l  be nowhere near 
suff icient to sati s fy the proj ected growt h in ethylene demand 
during the 1 9 7 0 ' s .  · 

* Reyn o l ds , W . W . , " The E lemen t s  o f  Decis ion for Inves tment 
in Basic  Petrochemical s , " ? 1 s t  N a t i onal AI ChE Meet ing , February 
2 3 ,  1 9 7 2 , Dal las , Texas . 

t Spi t z , P . H . , " Chart ing Future Ethylene Gr owth·, "  7 l s t  Nat ion
al AI ChE Me e t ing , February 2 3 ,  1 9 7 2 ,  Dalla s ,  Texas . 

+ Humb l e  O i l  and Ref ining Company, Chem i c a l  and Engine ering 
N e w s ,  Mar ch 8 ,  1 9 7 1 , p .  1 5 .  

§ Reynolds , Ib i d .  

� B urke , D . P . ,  P lyant H . ,  "Ener gy C r i s i s , "  Chemi cal We e k ,  
Sep temb er 2 0 , 1 9 7 2 ,  p .  3 9 .  
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F igure 2 3 .  Domes tic Supply o f  Vo latiles  for Chemical Us e .  
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Furth e rmo re , as  natural gas p r ices increas e ,  as  they surely 
wi l l  ih order t o  at l e ast equ i l ibrate with low-sulfur fue l values , 
e thane and p ro p ane values wi l l  r i s e  accordingly . Pr ice incr eases  
w i l l  be even g reater i f  e thane and propane are used t o  enhance 
the heating value o f  l ow BTU synthe t i c  n atural gas  (SNG) or as  
raw material f o r  SNG p r oduction.  F o r  examp l e , based  on  an SNG 
value of $ 1 . 2 5 /MMBTU * e thane and propane woul d be valued at 8 . 7 ¢ 
p e r  gallon and 1 1 . 5 ¢  p er g a l l on ,  r e s p e ct ive ly for direct blend i ng 
into l ow BTU SNG . As  feedstock for SNG manufa cture , the value s 
could be as  hi gh as  7 ¢  p er gallon and 9 ¢  per gal lon , respectively . 
Thes e  values are conside rab ly higher than late  1 9 7 2  Gul f Coast 
prices  of 3 . 0 ¢ t o  3 . 5 ¢ p er gallon and 5 . 5 ¢ to 6 ¢  per gallon fo r 
these ma teri a l s . 

* This p r i c e  s e ems t o  be a reasonab l e  b a s i s  r e garding pr oduc 
t ion c o s t s  reported in the l i t e ra ture for prop o s e d  SNG p l ants : 
A l gonquin SNG- - $ 1 . 4 1/MSC F ,  T e con- - $ 1 .  2 3/ MS C F ,  Columb ia Gas - 
$ 1 . 1 2 /MSC F .  
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Thus , as  a result o f  the declin ing supp ly and increas ing 
p r i c e  o f  light hydrocarb ons ( s ee F igure 2 4 ) , future exp an s i ons o f  
o l efins production wi l l  b e  based a lmo st exclus ively on heavy l i quid 
f e e d s t o cks derived from refin ing operat i ons (naphtha , gas o i l )  and 
from n atural gas p ro c e s s ing (natural g a s o l ine , condens ate) . 
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Figure 2 4 .  Pro j e ct e d  E thyl ene Deman d .  

F e e ds t o ck Demand 

1 980 

The total p e trochemical feedstock demand ( includ ing demand 
f o r  natural gas)  i s  proj ected to in crease  at an annual rate of 
6 . 2  p e r cent during the 1 9 7 0 ' s .  This w i l l  caus e petrochemi cal 
feeds tock demand to become a larger fracti on of the total  oil and 
g a s  consump t i on , incr e as ing from 3 . 3  to 4 . 1  p ercent in 1 9 8 0 . How
e ve r ,  the demands _ o f the petrochemi cal indus try will  remain a very 
small fr a ct i on of the tot al dome stic  demand for crude o i l  and 
natural gas . Ol e fins p lant feed requirements , ieflect ing the high 
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demand for e thy lene and the swi t ch over t o  he avy l iquid f e e ds t o cks , 
wi l l  incre ase at an annual rate of 1 3  p ercent on a g r o s s  b as i s . 
On a net  b a s i s  the annual growth i s  1 1 . 5  percent ( s e e  F i gure 2 5 ) . 
( Chern Systems have proj e cted a growt h rate o f  1 1  p erc ent p er year 
on a gro s s  b as i s . * ) 
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F i gure 2 5 .  Annual Growth o f  Petro chemical and O l e fins 
P l ant Feedstock . 
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* Struth , B . W . , " E conomics of Olefins - 1 9 80 ' s , "  Oi l and Gas 
Journ a l ,  Augus t  2 ,  1 9 7 1 , p .  7 0 .  
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During the s ame p eriod dome s t i c  consump t ion o f  crude o i l  and 
n atural gas is p r o j e c t ed to grow at an annual rate o f  only 3 . 9  
p ercent whil e  t o t a l  energy demand will  increa s e  at 4 . 9  p ercent 
p e r  y e ar . * A s omewhat more cons ervative growth in energy demand 
( 4 . 2  p ercent p e r  year) has been proj ected by the National Petro 
leum Co unci 1 .  

Aromatics  Produc t i on 

The fol lowing s hows that total demand for aromat ics ( benzene , 
t o luene and xy l en e s )  i s  p r o j e c t e d  t o  grow to 2 6  m i l lion p ounds 
p e r  year by 1 9 8 0 . t t §  

1 9 7 0  1 9 8 0  
(MM Lb s . /Yr . )  ( MM  Lbs . /Yr . )  

Benzene 8 . 9  1 7 . 3  
Toluene 1 . 0  1 . 9  
Xyl ene 4 . 3  6 .  8 

1 4 . 2 2 6 . 0 

This growth repr e s en t s  an ave rage gr owth rate o f  6 . 2  percent p e r  
year . More optim i s t i c  proj ections predicted an averag e growth 
rate o f  7 . 8  p ercent p er y ear . �  

At p r e s ent , cat alytic  reforming i s  the predominant s ource 
o f  aromatics  in the Un ited State s .  Catalyt ic reforming account s  
fo r more than 8 0  p e r cent b f  the b en z ene p roduced and e s s entially 
a l l  o f  the toluenes and xylene s .  Currently about 1 3  p e r cent of 
the ar omat ics in catalyt i c  reformate are extracted for chemi cal use . 
Based on a con servat ive proj e ction of cat alyt ic reforming growth 
( 5  p ercent p e r  year) a.nd a s s uming op erat ing s ev·er ity of 96 RON by 
1 9 8 0 , aromatics  availab le in catalytic reformate will increase 
t o  2 3  MM gal lons p e r  year . * *  Chemical demand will  reach 3 . 5  MM 
gal lons p e r  year or 1 5  p ercent of that ava i l ab l e  from reformate . 

* Shell O i l  Comp any , "The National Energy Problem : Imp l i c a 
t i ons of Forecast Demand and Supp ly : O i l  and Gas , "  May 1 9 7 2 .  

t Chemi c a l  and Engineering News, o p .  ci t .  

+ Cl a i r ,  D . R . , "Benzene Market Out l ooks for ' 7 0 ' s , " 7 l s t  
National AI ChE Me eting , Fe bruary 2 3 ,  1 9 7 2 ,  Dal las , Texas . 

§ McCormick , W . A . , Bonann i ,  V . A . , " Xylenes - - Supply/ Demand 
Next Ten Year s , "  7 l s t  National A I ChE Meet ing , February 2 3 ,  1 9 7 2 , 
Dallas , Texas . 

� F ie l d ,  S . , "What ' s  Ahead for Aroma t i c s , "  Hydrocarbon Pro
c e s s ing, May 1 9 7 0 ,  pp . 1 1 3 - 1 2 0 .  

* * Ib i d .  
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In addition to aromati c s  ava i l ab l e  from catalyt ic reformate ,  
l arge quant i t i e s  will  be avai lab l e  from pyrolys is gaso l ine str eams 
p r o duced from heavy l iquid o l efins p l ants . For examp l e ,  a 1 MM 
p ounds p e r  year o l e fins p l ant proce s s ing a convent i onal gas o i l  
f e e d ,  p roduces a s  much a s  9 0  MM g a l lons p e r  y e ar o f  aromat ics . 
Thus , by 1 9 8 0  as  much as  l .  3 MM g a l l ons. per year of aromatics 
could b e  ava ilable from p yrolysis  g as o l ine . 

In view of the above , l i ttle  change in the b a s i c  s tructure 
of the aromatics busine s s  i s  predicted . The bulk o f  aromat ics 
demand for  chemicals  w i l l  b e  s a t i s f i ed by extraction from catalyt ic 
r eformate and aromatics prices wi l l  cont inue t o  be r el ated to the 
value of aromatics  in the gas o l ine p o o l . 

ECONOMI C FACTORS AFFE CTING FEE.DSTOCK SELECT ION 

The petroch emical indus try in the Uni ted S t at e s  has deve l oped 
on the e conomic base of low- c o s t  natural gas l iquids as  feeds tocks 
for o l e fins manufacture . Y i e lds of by-pr oducts which were cons umed 
in the energy sector were minima l such .  that an inv e s tment in an 
e thylene p lant represented a cl ear cut inve s tment in basic  p e t r o 
chemi cal s .  A s  t h e  industry enters t h e  heavy l iquids e r a  of the  
1 9 70 ' s ,  th is wi l l  no longer be the cas e .  As  s hown in F i gure 2 6 ,  
the pro duct s l ate from a h e avy l iquid o le fins p l an t  contains a 
s i gn i f i cant quantity o f  by-products which must be consumed by t he 
ene rgy s e c t o r .  For examp l e , energy. by-products from a gas o il · 

o l e f in s  p l an t ,  excluding o ffgas , represents ab out 3 7  percent o f  
f e e d  a s  compared with lo e s s  than 3 p e rcent for an ethane cracke r . 
Furth ermore , it requires nearly 5 b i l l i on po.unds o f  heavy gas o i l  
feeds t o ck t o  produce 1 b i l l ion p ounds per year o f  e thyl ene - - over 
three t imes as  much as when feeding e thane . 

I n  addit ion to a s i gnificant y i e l d  o f  energy p�oduct s ,  
copr o duct y i e lds o f  b a s i c  p e trochemicals  from heavy l iquids o lefins 
p l an t  are important . Total yield  o f  p ropyl ene ,  butylen e  and buta
diene from a heavy liqu i ds p l an t  is almo s t  equiva l ent to e thylene 
p ro duct ion . Thus , no longer can the e thyl ene producer c oncern 
h ims e l f  only with e thylene , but the marketing aspects o f  all  the 
b a s i c  petro chemi cals mus t  be cons i dered . His ab i l i ty to prof i t ab l y  
move thes e coproducts , a s  we l l  as  t h e  energy product s ,  w i l l  h ave 
a s i gni ficant impact on ove r a l l  proj ect profitab i l i t y .  

Ano ther factor whi ch mus t  b e  considered is  t h e  cap ital 
requirement for an o l e fins p l ant i n  the he avy l iqui ds · e r a .  As s h own 
in T ab le 4 8 ,  the cap i t a l  c o s t  for a 1 b i l l ion p ound o le fins p l ant 
i s  almo s t  $ 1 0 0  mi l l i on for a naphtha un it as compared with $ 7 0  
mi l l i on for an e th ane crack e r .  The c o s t  o f  a gas o i l  cracker may 
r e ach $ 1 3 5  mi l l ion . 

Thus , the proper cho ice o f  feeds tock for o l e fins manufactur e 
in t h e  future wi l l  not be obvious but wi l l  depend on the individual 
p r o ducer ' s  circums tances . Such factors as r e lat ive feeds tock p r i ces 
(or value s )  and avai l ab i l i ty ,  values of various cop roduct petr o 
chemi cal s as  w e l l  as  energy by -products  p ro duced , and cap i tal 
requi rements for the fac i l i ty mus t  be cons i dered .  
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TABLE 48 

OLE FINS PLANT CAPITAL REQU I REMENT 
($MM) 

Ethane 

Total Capital 

Capital Allocation 
Chemical Sector 
Energy Sector 

70 

69 

Basis: a) 1,000 MM Lb./Yr. Ethylene Production 
b) Startup Date-1976 

Advan tages o f  Integration 

Propane 

75 

7 1  
4 

Feedstock 
Naphtha 

95 

71 
24 

Gas Oil 

1 35 

97 
38 

As previ ous l y  uiscus se d ,  the s hift t o  h eavy l iquid feeds t o cks 
wi l l  increase the relationship between the ref ining and the p e tro 
chemical  indus t ries . There i s  no doub t  that max imum efficiency in 
the use o f  h eavy l iquids feeds tocks w i l l  be reali zed by careful 
integration of petrochemical and r efinery p l anning and operations , 

This concept o f  the integrated petro chemi cal/refinery complex 
h a s  r ece ived much uis cus s ion in the l i tera ture and at industry 
me e t ing s . To the re fine r ,  the in t e grated comp lex offers an attrac
t iv e  d i s p o s a l  alternative for l ow qua l i ty g a s o l ine s treams and the 
o l ef i ns p l ant serves as a partial convers i on un it in that gas o i l  
c an b e  converted t o  highly aromatic gasoline  and t o  o l e fins for 
p o te n t i a l  alky l at ion fe e d .  On the o ther h an d ,  the comp lex provides 
the p e trochemical producer with an a s s ured feeds tock supp ly and a 
c onveni ent and attractive me ans for d i s p o s a l  o f  energy pr oducts 
from the o l efins p l ant . 

Ano t h er concept which has received much attention i s  that o f  
a " chemic a l  refine ry" wh erein crude o i l  i s  proce s s ed f o r  the p r o 
duction o f  o l e fins and aroma t ics with n o  n e t  production o f  ene rgy 
p r o ducts except ing res idual fue l .  This typ e faci l i ty ,  however , 
i s  n o t  as attract ive as the integrated p e t r ochemi c al/refinery 
comp l ex .  Re sults  o f  i nte gration s tudi e s  indicate that op timum 
p e trochemi cals  produc tion from an in tegrated complex i s  in the 
r ange o f  3 0  to 70 p ercent of total product out-turn with a rap i d  
d e c l ine i n  profitab i l i ty outs ide t h i s  range . *  

* Dutkiewice , B . , " Integrate the H P I  Interface , "  Hydrocarbon 
Pro c e s s ing, Ju ly , 1 9 7 0 ,  pp . 8 5 - 9 0 .  
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Deve lopment of Petro chemical Comp l exes  and. Their E ffect on  the 
Indus try 

The economics o f  s cale h ave caus ed s i gnifi cant increase in 
the s i ze of the " e fficient s i z ed" o l e fins p l ant . In the early 
1 9 6 0 ' s  p lant s of 2 0 0  t o  2 5 0  m i l l ion p o unds p er year were built for 
a total  cost o f  about $ 2 5  mi l l i on .  The s t andard s i z e p l ant of 
to day i s  1 b i l l i on p ounds a year cos t in g  from $ 1 0 0  to $ 1 3 5  mi l l i on 
i f  heavy l iquid feedstock is pro c e s s e d .  The p etrochemical out
turn from a p l ant of this s i z e  is sufficient to supp ort s everal 
down s t re am derivative and p o lyme r uni ts . Since the s e  b a s i c  petro 
chemi c al s , particularly ethy lene , are d i ffi cul t to transport long 
distances , p etrochemical comp l exe s w i l l  deve lop around the o l ef ins 
p l an t s  in the futur e .  An examp l e  o f  such a comp l ex is  provi ded in 
F i gur e 2 6 .  Such a comp l ex wi l l  repres ent sep arate inves tments 
by s everal comp an i es and will be connected t o  other comp l exes by 
relat ively short p ipe l ines , b arge canals  where appropriat e ,  and 
railway s . 

A petrochemical comp l ex o f  this typ e o ffers poten t i a l  s av ings 
t o  the industry which wi l l  b e  p a s s e d  o n  to the ultimate consume r .  
L o cat i on of suitable s it e s  which wi l l  p ermit indus try development 
along these  l ines mus t  be found and approved if the se s av ings are 
to b e  r e a l i z e d .  The capital  requiremen t  for a typ ical comp l e x  wi l l  
b e  about $ 5 0 0  mi l l ion . Feedstock s upp ly to the ole fins p l ant , 
which produces  the bas ic raw mat e r i a l s  for the downs tream consuming 
uni ts ,  must be a s s ured if the e c onom i c  integrity of the complex is 
to b e  maintained . Thus , it w i l l  b e  neces s ary to deve lop means 
for e ffective co ordination o f  operations and p l anning among the 
refiner , the o le fins producer and the downs tream derivatives and 
polyme r .  This typ e o f  coordination has not been necess ary in the 
past s ince ( 1 )  the pe trochemical indus t ry deve loped from natura l 
gas l i quid feedstocks , which were i n  amp l e  supp ly , and l it t l e ,  i f  
any , coordination between t h e  petro leum and chemical compani es was 
iequired and ( 2 ) the o l efins p l ants o f  the p a s t  were much sma l l e r  
un i t s  and ,  hence , there were many f ewer down s tream uni t s  d ependent 
on i t s  out - turn so  that close  coo rdination of operating p l ants p r e 
sented fewer problems . 

Ano ther b arri er which mus t b e  overcome to permit e ffective 
coordination of the p l ans of the  several b us ines s sectors invo lved 
in a p e tr ochemi cal comp lex is that a s s o c i ated with supply contr acts . 
Long- term ( 5 +  years) contracts are written t o  assure p hy s ical  s up �  
p ly and off- take in r e l at iv e ly thin markets . E s calator c l auses  or 
price  s chedules are written in to p r e s erve the economi c  viab i l ity 
of each p arty ' s  proj ect . This p l ac e s  sub s tantial s tr e s s  on the 
ab i l ity to for e t e l l  g ene ral price movement s  in the e conomy . I n  
s p i t e  o f  t h e  uncertainti e s  now faced by t h e  indus try , new ways 
for s har ing the risk of these huge investments through creat ive 
contractual commitment mus t be devi s e d . 

I mp act o f  Oil  I mport Regulations on Pe trochemi cal Feedstocks 

As dis cus sed earl i e r ,  the  U . S .  p e trochemical indus try dev e l oped 
on the economic base o f  low- c o s t  natural gas l iquids for o l efins 
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manufacture . I n  the mid- 1 9 6 0 ' s ,  i t  be came app arent that supp lies  
o f  natural g a s  l iquids would soon b e  inadequate and that future 
growth of the pe tro chemi cal indus try would nece s s it a t e  a switch to 

· h eavy l iqui d feeds der ived primarily  from r e fining o p erat i ons . 
H owever , the o i l  import contro l  pro gram pre clude d  obtaining heavy 
l iquid feeds excep t from dome s t ic s o urces at c o s t s  hi gher than 
thos e exis t ing in intern at ional marke t s . The petrochemi cal indus try , 
therefor e ,  s o ug ht an exempt ion from the Oil Import  Regulat ions for 
importation o f  fore i gn naphtha petrochemi cal feeds t o ck .  Section 
9B o f  the O i l  Imp or t  Regulations , which was r ecently app roved , 
granted this exemp t i on for the imp o rtat ion o f  naphtha and other 
h eavy l iquid · feeds . The impact that this wi l l  have on future feed
s tock s e lection is unknown . 

• 

The dr iving force which prompt e d  the chemi cal indus try t o  
pursue this exemp t ion was the h i s t.orical  differential o f  about 2 ¢  
p e r  gal lon which has .exi s te d  between the p r i ce o f  dome s t i c  nap htha 
and the del ivered p r i ce o f  foreign naphtha . Howeve r ,  cont inued 
e fforts by the OPEC Nations to e s calate crude o i l  p r i c e s  may u l t i 
mately appr o ach equ i l ibrat i on o f  foreign and dome s t i c  crude o i l  
p r i ce s . · ShouJd t h i s  equil ibration b e  reached ,  the di fferential  
b e tw een imp o rted and domestic  naphtha prices  will  d iminish . 

Another factor t o  be considered in addit ion t o  price is  
ava i l ab i l ity . An e s t imat e of Free World naphtha flows for 19 7 0  
was p re�ented in a recent rep ort o f  the Stan ford Re s e arch Ins t i tute . *  
Abo ut 4 0 0  MB /CD of exce s s  naphtha was availab le in the Caribb e an in 
1970  as a result o f  l arge s cale p'r oduction o f  fue l o il for the 
E a s t e rn S e abo ard o f  the Uni t ed S t at e s .  This naphtha , together with 
that from t h e  Midd l e  E a s t , was ut i l i z e d  to balance naphtha demands 
o f  E urope and Japan . The amount o f  this Car ibbean n ap htha whi ch 
coul d be b i d  away from o ther consumers at the much quoted "foreign 
naphtha" price is unknown , but i t  appe ars doub t fu l  that a s igni f i 
c ant quantity could be obtained without a sub s t ant i a l  p r i ce incr ease .  

A factor whi ch will affect b oth the price and t h e  availab il ity 
o f  fore ign naphtha as  p e trochemi cal feedstock is  the demand for this 
s ame material as SNG feeds tock.  Prop o s ed SNG p l ants which have been 
announced to date could conce ivab ly consume up to 7 5 0  MB/CD of 
naphtha by the mid to late 1 9 7 0 ' s . t  In a . pape r p r e s ented at the 
me eting of t he Ame r i can Associ ation of Chemi cal Engineers in Dallas 
in 1 9 7 2 , Uni on Carb i de e s t imated that an at t emp t t o  import this 
vo lume o f  naptha wou ld increase the de l ivered price  b y  at leas t 

* Stanford Res e arch I n s t i tu t e ,  " Chemical and Petroleum Fore
cast ing Program - - Prel imin ary Rep ort , "  March 1 9 7 2 .  

t I mp o rtat ion o f  naphtha for SNG p roduction i s  not  currently 
p ermitted  under current Oil  Import Regulations . I s s ue is  currently 
under inve s t igation by the O ffice o f  Emergency P l anning . 
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$ 0 . 5 0 p e r  b arre l and p e rhap s  by more than $ 1 . 0 0 p er b arrel under 
mo re restrictive conditions . * 

On the other hand , present government p o l icy permitting the 
imp or t a t i on of heavy fuel o i l  and preferent ial  tax incentives en
courag e s  the buil ding o f  crude refinery cap acity in offshore l o c a 
t ions . Thus , t h e  growth i n  naphtha supply i s  offshore . Unt i l  
t h e s e  imba lances are corrected and normal gr owth i n  dome s t i c  crude 
refining cap acity is restored,  it w i l l  be necess ary to p e rmit the 
dom e s t i c  pe trochemical indus try to imp o rt n aphtha feeds t o cks in 
order to maintain its  normal growth.  Oth erwis e ,  the petrochemi cal  
industry would also  be exporte d .  

In view o f  t h e  above factor s , and as suming t h e  re turn t o  nor
mal growth o f  crude r efining capacity , the U . S .  p etrochemi cal 
indu s t ry w i l l  find it economically attractive on a long - term b a s i s  
t o  ut i l i ze dom e s t i c a l ly produced r aw materials  t o  s a t i s fy mo s t ,  if  
not a l l ,  of their growth in feedstock demands . This conclus i on 
s upp o r t s  the need for a strong dome s t i c  ref ining indus try s o  that 
amp l e  feedstocks w i l l  be ava i l ab l e  to the p etro chemical indus try 
at comp e t i t ive costs . 

· 

Recent import/export  b a l ances o f  chemicals  lend s upport t o  
t h e  foregoing . In t h e  1 9 6 8 - 1 9 7 2  p e r i o d ,  imports  o f  chemicals r o s e  
from $ 1 . 1  t o  $ 2 . 0  b i l l ion- - an 8 2  p e r cent increase- -wh i l e  exports 
r o s e  from $ 3 . 3  t o  $ 4 . 1  b i l l ion- - a  2 4  p ercent increas e . t Imports 
have b e en increas ing proportionately faster than exports , and the  
N a t io11 1 S  favor ab l e  tr ade balance on  chemi cal s ,  which formerly e�
j oy e d  g o o d  growth , h as s hrunk in 1 9 7 1  and 1 9 7 2  from the pe�k level 
of $ 2 . 4  b i l l ion enj oyed in 1 9 7 0 .  

F INAN C I N G  

Over th e p a s t  1 0  t o  1 5  years t h e  cho ice  o f  l o ca t i on , e i ther 
w i t h in or outs ide the Un i ted States , for construct ion of re fining 
fac i l i t i es by U . S .  p etro leum compan i es has not been influenced t o  
any s ignificant extent by differences i n  av ai lab l e  f inancing . 
Although there was a p eriod  o f  about 2 y ear s when money was extreme
l y  t ight in the Un ited Stat e s , thi s is not particul arly r e levant 
to the l ong- term trend in refinery construct ion under cons iderat ion .  

For maj o r  internat ional o i l  c omp anies  with s tr ong credit 
r e cords , adequate long- term financ i ng i s  avai lab le in the E astern 
Hemi sphere for cons truc t i on o f  refining cap acity in that area at 
a c o s t  equal to or s l ight ly higher than the c o s t  o f  money in the 
Un i t ed S t at e s . Sma l l er comp an ies  with weaker credit rat ings would 

* D ickin s on , R . M . , " Computer Analys i s  of Energy and Feeds tock 
Values at the  Petroleum- -Petrochem i cal Inte rface , "  7 l s t  Nat iona l 
A I ChE Mee t ing , February 2 3 ,  " 1 9 7 2 ,  D a l l as , Texas . 

t E l even months actual , one month e s t imat e d .  
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p ay more for long - t erm money in the Un i t ed S t ate s ,  whereas in Europe 
they woul d  have to rely on revolving b ank credit or other shor t - term 
financing . In s ome cas e s ,  special governmen t - b acked financing may 
be negotiat ed , facilitating ease in obtaining construction cap i t a l . 

The financing o f  refining ins t allations in developing areas 
i s  s omewhat different f rom t h at in Europe o r  the Un i t ed S tates . 
Mo s t  deve loped nat i ons ( incl uding the Un i t ed States)  have export  
p r omotion prog rams backed up by 8 t o  10  year f inanc ing at  interest 
rates  somewhat lower than that whi ch might be obtained from s ources 
wi thin the country in whi ch the fac i l i ty is  to be ins talled . A 
maj o r  int erna t i onal o i l  c ompany with a good credit rating would 
encounter borrowing cos t s  very l i t t l e  di fferent in  an o ffshore 
v en ture than with a U . S .  l o c at i on , whereas a smaller f irm with 
a short hi s tory o f  succe s s ful operation would generally f ind o ff
shore financ ing s lightly cheap e r  than rais ing money for a U . S .  
venture . The p o l i t ic a l  stabil ity o f  the ho s t  country is  a factor 
whi ch wi l l  be we ighed heavily by financ ial l ending ins titutions . 
Indu s tr i a l  deve lopment incentives plus U . S .  etude imp ort restric
t i ons and other advant ag e s , such as  deep water close  to s hore , 
us e o f  foreign flag v e s s e l s  and a favorab l e  tax c l imate , have made 
it at tractive to cons t ruct a substantial amount of r efining capac
i ty in the Caribbean , basically to s e rve the U . S .  East Coast heavy 
fuel marke t .  

I t  may be concluded from the f�rego ing that the ava i l ab i l i ty 
o f  fin ancing at re as onab le and competi tive terms has not been a 
factor in c hoo sing a Europ e an refining l o cat ion v e r s us a U . S .  site , 
but lower interest rates p lus the o ther fac tors ment ioned , influenced 
s ome re finers in dec id ing to bui l d  in deve lop ing areas such as 
the C ar ibbean rather than in the United States . Imp lementation o f  
regul ati ons on fore ign direct inve s tment do e s  n o t  app e ar t o  have 
been a maj o r  deterrent to the cons truc t i on of refin ing fac i l i t i es 
o ut s ide the Un i t ed S t at es .  

ENVIRONMENTAL CONSI DERATI ONS 

Environmental cons iderat i ons will increase  the c o s t s  of p etro
l eum products in numerous way s . For examp l e : 

• Consump t i on o f  product s  wi l l  be incr e a s ed by the sub s t i tu
t i on of low - su l fur fuel o i l , LPG and d i s t i l l at e  fuel for 
alternative high-sulfur petro leum , natural gas and nonp e 
tro leum fue l s  ( s uch as  coal)  and b y  u s e  o f  l e s s  efficient 
automobile  eng ines . 

• Refining c o s t s  and crude o i l  requi rements w i l l  be increased 
sharply in o rder to make envir onmentally acceptable fuels 
and to meet environmental s t andards . 

• Transport at i on c o s t s  will be incr eased if refinery con
s t ruction cont inues t o  be de l ayed o r  banned in the more 
economi cal l o cat i ons . 
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• The magn i tude of exp enditur es for envi ronmental needs 
are s igni fi cant as  even large re fineries ( over 1 0 0  MB/ CD) 
report c o s t s  in exce s s  Df 1 0  p ercent of all refinery in
ves tment to meet envir onmental regulations . 

E s t imat e s  o f  expendi tur es t o  meet exi s t ing and prop o s ed 
env i ronment al r egulat i ons wer e  obtained from the re fin ing survey . 
Over the 6 year period 1 9 7 3 - 1 9 7 8 ,  co s t s  in terms of 1 9 7 0  dollars 
are e xp e cted t o  tot a l  $ 3 . 2  b i l l ion for the 1 2 . 1  MMB/CD capaci ty 
covered by the survey r e sp ons e .  Thi s is  equivalent to an expendi ture 
of $ 2 6 5  p e r  daily barrel of c apac ity , o f  whi ch $ 1 1 0  w i l l  be required 
for manufacturing no lead g a s o l ine , $ 5 4  for control  o f  refinery 
water e ffluent , $ 9 0  fo r contr o l  o f  ambi ent air , and $ 1 1  for contr o l  
o f  ref inery no i s e  and l ight . These environmen tal expend itures wi l l  
be requ ired over the next 6 years and are in addition to substan t i al 
expenditures a lready made by the industry . For p erspect ive , this 
$ 3 . 2  b i l l io n  expenditure i s  equivalent t o  the exp enditures required 
to cons truct be tween 1 .  3 and . 2 . 1  MMB/CD o f  add it ional refinery 
capac ity , based  on refinery cons truc t i on costs  of $ 1 , 5 0 0  to $ 2 , 5 0 0  
p e r  daily barrel o f  c ap acity.  (For  d is cuss ion o f  an i l lustrative 
case s tudy , s ee Appendix H . )  

1 5 8  



I N TRODUCT I ON 

Chap t er F ive 

O I L  I MPORT POLICY AND OTHER 
RELATED I SSUES OF GOVERNMENT POLI CY* 

Gove rnment p o l i ci es , l e gi s l at ion and regul ations at the 
fe de r a l  as we l l  as  s t at e  and l o ca l  levels h ave b e come an incre as ing
ly more important factor to b e  c ons i dered in bui lding and op erat ing 
re fine ries in the Uni t e d  S tates . I t  is critical , therefore , th at 
( 1 )  exi s t ing p o l i c i e s  and regul ati ons be evaluated in terms of their 
imp act on the shortfall  of refining cap acity ; ( 2 ) current policies  
and regulations be  modi f ied as  nece s s ary t o  fac i l i tate sufficient 
s upp l y  of imp orted crude o i l  and p roducts to meet the s hort - term 
g rowth in deman ds ; and ( 3 )  new p o l icy guidelines be imp lemented 
wi thin a reasonable  period of t ime in order t o  maximi z e  long-term 
d omes t i c  refining capab i l i ti e s . 

The decl ine in p ro duction o f  dome s t i c  crude o i l  and the near
term s hortages in dome s t i c  refining cap acity have been contributing 
factors in the eme rg ing shortag e s  o f  crude o i l  and products in the 
Uni ted Stat e s . Long - t e rm p l anning by the o i l  indu s t ry to provi de 
fo r increased �ome s t i c  p roduc t i on o f  crude o i l  and adequate refining 
capacity for proce s s ing b o th dome s t i c  and fore ign crude supp ly has 
b e c ome incre as ingly more difficu l t .  Uncertaint ies and incons isten
c i e s  in government p o l icies  and the lack o f  cons is tent and cohe s ive 
long- term p o l icy gui delines have aggravated the p l anning environment .  
S o und gove rnment p o l i cy gui delines a t  federal as well  as  state and 
local  leve ls are neces s ary if the o i l  indtistry is t o  maximize supply 
for domestic  sources . 

The relat ive inflexib i l ity o f  the crude o i l  quo t a  sys tem , 
coup l e d  with th e decl ine in dome s t ic crude o i l  product ion , has 

• The Pre s i de n t  in his e n e rgy message to Congre ss of Apri l 
1 8, 1 9 ? 3, h as remo v e d b y  p r o c lam a t i o n  a l l  exi s ting tari ffs on im
p o r t e d  crude o i l  and products and has suspended dir e c t  contro l 
o ve r  the quan t i ty o f  crude o i l  and refined products which can h e  
imp o r t e d .  In p lace o f  t h e  c o n tro l s y s tem, the Pre s i dent h a-s initi
a t e d  a l i cense fee sys tem . The Pre s ide n t  s ta t e d  that, to enco urage 
dome s ti c  refinery cons truc tion, crude o i l  in amounts up to thre e 
fourths o f  new refi ning cap a c i ty may h e  imported for a p eriod o f  5 
y e ars wi tho u t  b ei ng subject t o  any fe e s .  

This chap ter was prepare d p ri o r  t o  th e i s s uance o f  the Pre s i 
de n t ' s  Ene rgy Mes s age a n d  does n o t  take i n t o  accoun t o r  e v a luate 
any of the p o licy changes or re c omme n dat ions conta i n e d  therein . 
The chap t e r  doe s ,  h ow ever, e va lu a t e  vari o us fac tors which affe c t e d  
r e fi n e ry op erations pri or t o  A p r i l  1 8 ,  1 9 ?  3 .  Many o f  t h e s e  fac tors 
are s ti l l  re l e va n t, p arti cu l a r ly from the point of view o f  future 
g o v e rnm e n t a l  po l i c y  deci s i ons,  a n d  are presented i n  that ligh t .  
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restricted the deve lopment o f  new refining cap acity . While  it i s  
true that total  U . S .  import  quo tas would increase b y  the amount o f  
new capacity bui l t , there has b e en n o  d irect mechan i sm t o  provide 
an exis ting r e finer o r  a p otent ial r e finer with the acce s s  t o  fore ign 
crude o i l  supplies  necess ary to the op erat i on of a new refinery in 
the Un i ted State s . Limited and inadequate starter allocations were 
the only exi s t ing provi s i ons for grant ing crude access for new 
r efin ing capac ity . The difficu l i t i es and costs  of acquiring imp orted 
supp l i es from o thers were d i s cour ag ing factors in de c i s i ons r eg ard
ing new cap a city construct ion . 

O I L  I MPORT POL I CY - - 1 9 5 4 - 1 9 7 3  

The p r incip a l  e lement o f  government p o l icies  affecting the 
p e tro l eum ref ining indus t ry and the petrochemica l  indus try has 
been the O i l  I mport  Program .  Volunt ary and mandatory contr o l s  
on the leve l o f  o i l  imports  h ave now b een in e ffect . s ince e ar ly 
19 5 5 . They h ave had a s ub s t ant i a l  and s ignificant e ffect on the 
e conomies and logist i cs o f  the dome s t i c  re fining indus t ry . 

Vo luntary Import Control Program 

The i s sues and concerns regarding o i l  imports actually p r e 
date World War I I ,  P o s t -War p o l i cy ,  however , was e ffectively cre 
ated by the e s tab l i s hment of the Cabinet Committee on Energy Sup - . 
p l i e s  and Re s ources  P o l i cy in July o f  1 9 5 4 .  This commi ttee con.
cluded that in the inte r e s t  o f  nati onal s e cur ity , imp orts o f  crude 
an d res idual o i l s shoul d b e  kept in balance with the dome s t ic p r o 
duc t i on o f  crude o i l  a t  t h e  proport i onate re lationship s that existed 
in 1 9 5 4 .  I mp o rt ing c omp an i e s  were reque s te d  t o  l imit imports  on 
a voluntary , ind ividual b a s i s  to conform with the p o l icy directives 
of the Cabinet Commi ttee . No effort was made to es t ab l i s h  vo lun
tary l imitat i ons by individual comp anies . 

Thi s phase o f  the vo lunt ary sys tem was reason ably succ e s s ful 
unt i l  early 1 9 5 7 . By that t ime , tentat ive e s t imat es o f  programmed 
imports  by the o i l  comp anies  indicated a s i gnif icant incr e a s e  in 
the leve l o f  imp o rts . I n  respons e ,  the Pre s i dent e s t ab lished  a 
Sp ecial  C ommi ttee t o  I nves t i gate Crude O i l  I mp o rts . After s tudy 
of the facts , thi s  c9mmi ttee concluded that the prop o s e d  l eve l 
of imports  in 1 9 5 7  were a direct thr e at t o  the national s e curity . 
I t  fur ther recommended that unle s s  imp or ting comp anies  comp ly with 
vo luntary guide l ines , the Pres i dent s hould invoke th e national 
s e curity p rov i s i ons of the Trade Agreements Extens i on Act . 

Voluntary guide l ines were more formal i z ed as  a r esult of the 
commit t e e ' s  recommendat i ons . Contr o l s  were l imited t o  crude o i l  
imp o rt s , total  l eve ls o f  imp o r t s  we re develop e d  by geographi c area 
an d indivi dua l company a l locations were e s t ab l ished . Becau s e  of 
the fai lure o f  certain comp anies  to comp l y  with prov i s i ons o f  the 
guide lines e s t ab l i shed in 1 9 5 7 , and be cau s e  of the sub s t antial  
incr e a s e s  i n  imports  of unf inishe d  oil  and fini shed produc ts , vo l 
unt ary con.trols were e l iminated in ear ly 1 9 5  9 ,  and mandat ory r egula
t i ons were adop t e d .  

1 6 0  



Mandatory Oil  I mport Program 

In order to min imi z e  the s hortcomings and di fficul t ies exp eri
enced with volunt ary contro l s , mandat ory regul ations we re adop t e d ,  
e ffective as  o f  March 1 9 5 9 . The Mandatory O il I mport Program ,  l ike 
the vo luntary control system,  was adopted to restrict  imports o f  
p e tro l eum t o  a leve l whi ch would not threaten the nat i onal s ecurity 
and t o  p rovide a b a s i s  for preserving a vigorou s  and hea lthy petro
leum industry in the  Un i t ed Stat e s . Thes e  r e s t r i c t i ons and l imita
t i ons on imports of  petroleum were cons idered neces s ary to prevent 
a surplus of l ow - c o s t  foreign product ion from displac ing higher 
c o s t  dome s t i c  suppl ies . I t  was evident that unl es s  a reasonab l e  
l imitation on imports w a s  imp o s e d ,  the f o l l owing deve l opments might 
o c cur : 

• O i l  imports would f l ow into thi s  country in increas ing 
quantities , ent i re ly di sprop ort ionate to the quantities  
neede d to supplement domes t i c  s up pl y . 

• There woul d be a resultant dis c ourag ement o f , and a de 
crease in , domestic  produc t i on.  

• There would be a sub s tant ial  reduct i on ln domes tic exp l ora
t ion and deve lopment . 

• In the event o f  a serioui emerg ency , this  Nation would 
f ind i t s e l f  years away from attain ing the l evel of petro
leum p roduc t i on necessary t o  meet  national s e cur ity needs . 

I n  s ugg e s ting mandatory contr o l s  in e a r ly 1 9 5 9 , the Special  
Committee  to Investigate Crude Oil  Imports  further recommended that : 

• C rude o i l  and i ts p rincip al derivatives , including un fin
ished o i ls , be contro l l e d .  

• Bonded fuel imports  b e  exempt from contro l s . 

• Maximum level o f  imp orts o f  crude o i l , unfinished o i ls and 
finished product (excluding res i dual fue l )  in Districts I 
through I V  ( e as t o f  the Ro ckies)  b e  l imited to a fixed 
percentage of demand . (Thi s was subs equently revised t o  
a fixed p ercentage o f  product i on . )  

• Maximum level o f  imp orts o f  crude o i l , unfinished oils  
and finished pro duct in  District  V be l imited to the 
di fference between dome s t ic supply and total demand . (This 
was to recogn i z e  that Distr ict V was a deficit supply 
area l acking any s ignificant inter-area  flow of oil to 
me e t  the shortfal l  in dome s t i c  supp ly . )  

• Imports  of re s i du al fuel b e  reviewed as  neces s ary and 
adj us tmen ts made in the level o f  such imp orts consonant 
with the obj e c t ive s of the program . (This  was sub s equent ly 
revi s ed wi th contro l s  on imports  int o  District  I effectively 
removed in 1 9 6 6 . )  
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• I mp o r ts o f  crude o i l ,  unf in i s hed o i l s  and f in i shed pro
ducts  int o Puerto Rico s hou l d  be l im i t ed to an amount which 
would not substant i al ly exceed the leve l of imports  dur ing 
a l l  o r  p art of 1 9 5 8 ,  or to such l ev e l s  required to me e t  
incre a s e s  or decreases i n  l oc a l  or export demand. (This was 
sub sequently revised t o  p ermi t incr eased imp orts o f  feed
s t o ck and s hipments to the U . S. main land for facilities  
o f  benef i t  to the  Puerto Rican e conomy . )  

• I mports  o f  crude and unf inished o i l  be l imited t o  compan ies  
having refining cap ac i ty in  the. Uni ted S t at e s , and refinery 
inputs be used as a b a s i s  for allocations . (This was sub 
s equently r evised to include manufacturers of p e trochemical 
derivat ive s . )  

• I mports  of unfini s hed o i l  b e  l im i te d  to 1 0  p ercent of an 
al l ocat i on . (This was sub s e quent ly revi sed t o  1 5  percent 
in D i s t r i ct s  I through IV and 2 5  p ercent in Dis trict V ,  
with special p r ovi s ion up t o  1 0 0  p ercent for p etr ochemical 
p l ant s . ) 

• I mp ort l icens es b e  e xchanged for domes t i c  crude or unfin
ished o i l  providing that the dome s t i c  crude i s  proce s s e d  
i n  the imp o rt e rs ' re finery . 

• The S e cretary o f  Interior be authorized t o  p rovide for 
the e s tab l is hment and operation of an App eals  Board with 
the p ower to modi fy or gran t  a l l o cations b ecaus e of hard
ship , e rror o r  o ther re levant cons i derat i on s . 

The sp e c i fi c  re commendations o f  the Special C ommi ttee to 
Inve s t ig at e  Crude Oil I mports were approved by the President and 
h ave r emained the basic structure o f  imp l emen t ing regulat i ons for 
the Mandat ory Oil I mp ort Program .  

This  p rogram h as b e en i n  operat ion for more than 1 4  years . 
During this t ime p e r i o d ,  i t  has mai ntained the t ot a l  l evel o f  
imp o r t s  " controlle d" within the framework o f  the Pre s i den t ' s  
p r o c l amat i on and has provided proc e dures for al locat ing imports 
among e l i g ib l e  dome stic  companies . As the imp ort p rogram has evo lved , 
the vo lume restr ict ions on certain imp orts have been removed . For 
purp o s e s  of this s tudy , the s e  imp o r t s  are d e s i gnated as  " de contro l led . "  
At the s ame t ime , certain procedure s  for distribut ing the quota for 
cont r o l l e d  imports  have been rev i s e d  in order t o  accommodate changing 
cond i t i ons and circum.s t ances  in the o i l  and p etrochemical marke ts . 
Without e l aborat ing in detai l ,  the Mandatory O i l  I mport  Program 
e s t ab l i shed : 

• A system of quota-regulated imports in three sep arate 
g eographic areas - - east  of the Rock ies ( D i s tr i c t s  I through 
IV) , West  Coast  ( D i s t r i c t  V) inc luding quota drawbacks for 
p ro duct ion of l ow - s ulfur fue l s , and Puerto Rico . 

• A system of l i cens es for decontro l led imp orts o f  p e tr o leum 
products from foreign r efiner i e s ,  pr incipally res idual 
fue l o i l . 
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• An a l l ocation system for distribut ion of quo ta l i cen s e s  
t o  petro leum refiner s ,  petrochemi cal comp anies and ,  t o  
a limited extent , marketers wi thout r aw material proce s s 
ing fac i l i t i e s . 

• P referent i al s tatus for overland imp o rts from Canada and 
Mexico in r e co gnit i on of their p roximity to the U . S .  m ar 
ket and the ir inherent security advantages . 

• Sp ecial  excep t i ons for promo t ing and encourag ing exports  
o f  p etrochemicals and devel opment o f  new industries  in 
Puerto Rico , the Virgin I s l ands , etc . 

Quo ta- Contr o l l ed I mports  

Imp orts sub j e ct t o  quota l imitations and all ocat i ons have 
b e en p r imarily l imited to crude and unf inished o i l s  requiring fur 
th er p roce s s ing i n  U . S .  refineries and petrochemical p l ant s . The 
a l l o c ation of l i cens e s  to refiners has been based on an app li cant ' s  
r e f inery input prorated by a predetermined gr aduated s cale for 
di fferent l eve l s  o f  input . B as ical ly , the s l i ding s ca le sys tem 
p r ovided smal ler r e f iners a p rop ort ionately l arger vo lume of import  
l i cens es re lat ive t o  their e l igible inputs than that o f  l arger 
r e f iners . Quo t a  allocat i ons for the manufacture of p etrochemical 
derivat ive s h ave b e en i ncluded in the quota system s ince the mid-
1 9 6 0 ' s .  The quota l i censes for petrochemical f eed�tocks are allo 
cated to both e l igible  pe tro leum refiners and chemica l comp anies 
on a f ixed p erc entage of plant input . The petrochemical import  
regul ations for  a l l o cat i on o f  feedstock quo t a  p ermit the  l icense e , 
with proper cer t i fi cat i on , t o  import up t o  1 0 0  p ercent o f  such 
a l locat i on in the form of unfinished o i ls . The import regul at i ons 
p e rm i t  the exchang e of import l i cen s e s  for dome s t i c  feedstock.  

The total  leve l of quot a- cont r o l l e d  imp o rts e as t  of the 
Rockies  is shown in T ab l e  49 . Unt i l  recent ly , this  level was s e t  
a t  a f ixed p ercentage o f  dome s t i c  crude and natural g a s  l iquids 
p r oduction.  I mp orts west  of the Rockies  ( a l s o  shown in Tab l e  4 9 )  
have continually b e en · der ived as  t h e  d i fference betwe en dome s t i c  
supp ly and t o t a l  demand . Overland imp o r t s  from Canada , although 
not subj ect to formal quo ta allocat i on , have b e en included in the 
c ontrolled level of imports  in Tab l e  49 . 

Crude and natur al gas  l iqui ds p roduct ion in Dis tricts I 
through I V  incre a s e d  from 7 . 1  MMB/ CD in 1 9 6 0  t o  1 0 . 0  MMB/CD in 
1 9 7 0 .  S ince then , howeve r ,  p roduct ion has remained at about 
t h i s  leve l ,  averag ing 9 . 8  MMB/CD in the f i r s t  quarter of 1 9 7 3 .  As 
a result , quota imports  into Distr i c t s  I through I V  have incre ased 
substant i al ly s ince 1 9 7 0  in order to meet the growing shortfal l in 
domes t i c  supp l y . Quot a  control led imp orts whi c h  were fixed at 1 2 . 2  
p e r cent o f  p ro duc t i on h ave incre as e d  t o  a lmos t  2 8  p e rcent o f  e s t i 
mated p ro duct i on i n  19 7 3 .  
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Finished Products 
Crude and Unfinished Oil 

Total 

Finished Products 
Crude and Unfinished Oil 

Total 

* As authorized April 1 ,  1973. 
t Includes overland im-ports from Canada. 

TABLE 49 

CONTROLLED IMPORTS 
(MB/CD) 

76 
776:j: 

852 

7 
292:j: 

299 

:j: Includes petroleum refiners and chemical companies. 

Districts 1-IVt 
1 7 1  

1 , 138 

1,309 

District Vt 
1 8  

464 

482 

1 30 
2,600 

2,730 

8 
942 

950 

P r o duction in D i s t r i c t  V incre ased moderately from 1 9 6 0  t o  
1 9 7 0  ( . 9  MMB /CD t o  1 . 3  MMB / CD) . Since then , p r o duction h as d e c l ined 
mode ra t e ly ( 1 . 2  MMB/CD in 1 9 7 2 )  thus accelerating the already 
e x i s t ing deficits in dom e s t i c  supp l y .  As a r e s ult , quota cont rolled  
imp o r t s  into District  V have increa s e d  sharp l y .  

Decontrolled  Imports 

Since 1 9 6 6 , imp orts of res i dual fue l o i l  on the East C o a s t  
( D i s t rict I )  h ave b e en exemp t  from formal quo t a  l imi tati ons . Very 
l i t t l e  r e s idual fue l is  imp orted into the other districts  and i s  
gener a l ly sub j e ct t o  quot a  restr i ct ions . The growth in r e s i dual 
fuel demand s ince the incep t i on of the Mandatory Oil  Imp ort Pro gram 
has b e en me t ent i r e ly from o ff s hore sour ce s . Pr oduction o f  he avy 
fuel o i l  in U . S .  re finer i e s  actually decl ined dur ing this p e r i o d .  

The f o l l owing have been excluded from quo ta restrictions : 
imp o r t s  o f  l iquefied  petroleum gas  from th.e We s t ern Hemispher e ,  
aspha l t , overland imp ort s o f  finished p roduct from C an ada proce s s ed 
from C anadian origin o i l , No , 4 fuel o i l  imp orts and , more recently 
( the first 4 months of 1 9 7 3) , No . 2 fuel o i l  imp o rt s . In add i t i o n ,  
a sma l l  but growing b onded fu e l  mar ket has cont inua l l y  b e en exemp t  
from imp ort r e s tr i c t i ons . This is fuel l o aded in the Un ited S tates 
on ve s s e l s  and air craft eng aged in foreign comme rce . 

Imports formal l y  exemp t from quot a res t ri ct i ons incre ase d  
from ab o ut . 7  MMB / CD in 1 9 6 0  t o  almos t 2 . 5  MMB / CD in 1 9 7 2 . The  
incre a s e  o f  a lmost  2 . 0  MMB /CD has b e en p r imarily sup p l i e d  from 
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refining capacity located in areas adj acent t o  the U . S .  mainl and, 
an d in effe c t  rep r e s ents refining c ap acity that might otherwise  
have b e en built  in the Un ited S t ate s .  The ab i l ity o f  refiners t o  
supply t h i s  market b y  proc e s s ing l ower c o s t  foreign crude o i l  in 
areas adj acent to the U . S .  East  Coast  has b e en th e primary factor 
contributing to the exp ort of r efining cap acity from the U . S .  
mainlan d .  

This s i tuation deve loped ove r many years and was p r imar i ly 
attr ibut abl e  t o  the under lying e conomics o f  fuel use patterns and 
the domestic  refining indus try . Foreign refin ers with un l imited 
acce s s  to l ow - co s t  foreign crude coul d build relat ively s imple 
and l e s s  c o s t l y  refine r i e s  t o  supply the heavy fuel o il marke t in 
the Uni ted States  at co s t s  comp e t i t ive with gas and coa l .  Import 
pol icy recogn i zed the p reva i l ing e c onomics affect ing the manufacture 
o f  res i dual fuel o i l  in the Uni ted States  and accordingly provided 
for liberal importation of fore ign r e f ined products . 

Increas ing r equi rements for naphtha to meet future petro
chemi cal feeds tock demands and p ot ential  requir emen ts for manufac
ture of synthetic natural gas could result in accelerated building 
tif new refining capacity in areas o ut s ide the U . S .  mainl and. The 
U . S . refine r ,  b ec aus e of imp ort regulati ons and econ omic cons i dera
t i ons , is  at a dis advantage i n  s up p lying the U . S .  market w i th t he s e  
product s . Unt i l  recent ly , the e c onomics o f  the dome s t i c  refining 
indus try nece s s itated minimi z ing the yield o f  lower value heavy 
fuel o i l s . The incre ased  demands for hi gher value , l ow- sulfur 
fuel o i l  has  modified dome s t i c  comp ar at ive product econom i cs t o  
s ome extent . 

Oil  P o l i cy C ons ider at ions 

Import contro l s  alone have not achieved the des ired l eve l s  of 
exp loration for new o i l  and gas rese rve s in the Uni ted States  over 
the l a s t  10 t o  15 year s . Mand atory contro l s , however ,  have main
t ained dome s t i c  product i on at l eve l s  whi ch otherwi se woul d have 
been s ub s t an t i a l l y  l ower than the max imum product i on rates now 
b e ing real i z e d .  Furthermore , in the ab s ence o f  such controls  i t  
i s  reasonab le t o  conclude that : ( 1 )  p ro duct ion in certain maj o r  
fi elds would have b e e n  s hut in with a s i gnifi cant l o s s  p o t ent i a l ; 
( 2 )  mos t ,  i f  not  al l ,  o f  s tripper we l l  p roduc tion woul d  have been 
p e rmanen tly s hut off ; ( 3 )  the decl ine in exp l orat i on activ i ty would 
have been s ub s t ant i al l y  great er ; ( 4 )  exp loration in the North Slope 
Alaska might have b een delayed inde finite ly ; and ( 5 )  sub s t ant i ally 
more re fin ing c apacity to supply the U . S .  market might have been 
built in foreign l o ca t i ons . 

Althoug h n ew r e serves o f  o i l  and gas  have not developed a s  
originally an t i c ip at e d  and , i n  fact , have failed t o  keep p ace w i th 
consumer requirements , the Mandatory O i l  Import Program .has never
th e l e s s  b e en ins trumen tal in  balan ci ng the  priori tie.s o f  the  dom
e s t i c  o i l  indus try r e l at ive to o il imports  from var i ous producing 
areas . .  I t  should be recogni zed ,  however , that the ci rcums t anc e s  
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and conditions l e ading t o  the adopt i on of formal quot a  controls  in 
1 9 5 9  have chang e d  cons iderab ly . Specifi cal ly , the s e  were : 

• A sub s t antial s urp lus of o i l  production capacity exis t e d  
i n  Districts  I through IV during the mid- 1 9 5 0 ' s .  

• A wor ldwide ove r - supply s i tuat ion prevailed . 

• Exce s s ive quant i t i e s  o f  low priced o i l s  from foreign 
p r o ducing areas were avai lab l e  for the U . S .  marke t .  

These circums tanc e s  led the Director o f  the  Office o f  Civil 
Defen s e  t o  conclude , 1n a special s tudy on imports in February .1 9 5 9 , 
t;hat : 

I n  such a s i tuat i o n ,  wi thout contro l o f  p roduction 
1n relat ion t o  demand by the countries  o f  origin,  
i t  is  to be expected that there woul d be sub s t ant i a l  
economic incentives t o  incr ease imp orts into the 
United S t ate s . 

The cir cums t ances  prevai l ing when formal controls  were f i r s t  
adop ted in early 1 9 59 are in s harp contr ast t o  conditions now 
exis t ing , name ly : 

• That the dome s t i c  o i l  indus try has moved from a period 
of "surplus" productive cap acity (Districts  I thr ough 
I V) to a period  o f  deve loping shortages df, crude oil  a s  
wel l as  refined products . Production p eaked a t  a daily 
rate of 1 1 . 7  MMB /CD in the fourth quar ter of 1 9 7 0  and 
i s  currently aver ag ing about 1 1  MMB/CD . Shortages o f  
heating o i l s  a s  w e l l  a s  some local shortages .  of j e t fue l 
were evident during 1 9 7 2 .  Shortage s in dome s t i c  supp ly 
of g a s o l ine have b e come a reality in 1 9 7 3 .  

• The surp lus o f  foreign p r o ductive cap a c i ty has b een re duced 
s i gnifi cantly w i th deve l op ing s h ortages of l ow - sulfur 
crudes . Seve ra l  countries h ave cut b ack p ro duct i on pre 
s umab ly as a " cons e rvat ion" measure des igned t o  maxim i z e  
long- term re covery o f  in- ground res e rve s . 

• The l anded p r ice o f  foreign crude o i l  and products has 
increa s e d  and ,  in s ome cases ,  now exceeds the price o f  
equivalent dome s t ic p etroleum . 

• The ownership o f  petroleum reserves  in foreign produc ing 
areas i s  reverting to the host  country governments . 

I n  evaluat ing the  impact o f  these chang ing c ircums t ances on 
o i l  import p o l icy and the  imp ort control sys t em , it is quite evident 
that other p o l i cy cons iderat ions should comp l ement the o i l  imp o r t  
control  system as  a me ans for deve loping an e c onomic c l imate f avor
ab l e  to long - t e rm deve lopment of dome s t i c  p l'o duct ive cap ac i t i e s  as  
we l l  as refining capacity.  These cons i der a t i ons inc lude but are 
not l imited to the f o l l owing : 
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• Recognit ion by the Federal Gove rnment that petro leum 
prices in the United States  mus t b e  adequate t o  provide 
s uffi cient return on the n ew inves tmen ts necessary to 
develop dome s t i c  res ource s . F l exibility for pri ces to 
adj us t ,  b a s ed on market s upply and demand within the 
Uni ted Stat e s , s hou l d  provide suff ic ient incentive t o  
develop a r e levant degree o f  s e l f - sufficiency in raw 
material supp ly and proce s s ing c apab i l i t ie s .  

• The need to re- evaluat e c er t ain aspects o f  environmental 
regulati ons in order to ensure that benefits are commen 
surate with cos t .  

• The need t o  estab l i sh s tandards for orderly s i t ing o f  
new energy producing fac i l i ties  in order t o  prevent . the 
s e ri ous delay s  now reali zed in almost  a l l  facets of the 
energy industries . 

The b as i c  s tructure and imp l ement ing regulations g overni ng 
the Mandatory Oil  I mport Program were adequate t o  meet the needs and 
conditi ons exist ing in the d ome s t i c  oil  marke ts fox mos t  of the t ime 
p e r i o d  s ince contr o l s  were first  adop t e d .  Events over the l a s t  
s everal y ears , however , suggest  that imp ort p o l icies  and the imp ort 
p rogram�wi l l  have to be modified to meet the needs o f  the immedi-
ate  future as we l l  as  l ong - t e rm p o l icy g o al s .  

· 

The Mandatory O i l  Import  Program encouraged additional 
d ome s t i c  crude p roduc t i on ,  whi ch in turn supported an attendant 
amount: o f  U . S .  re fin ing cap ac i ty . P l acing limits on the vo lume 
o f  crude imports  actually encourag ed dome s t i c  refin ing cap acity - -
a s  l ong a s  the import allocations wer e sufficient in conj unction 
with dome s t ic crude production to meet total  crude demands .  H ow
e ve r ,  there are certain aspects of the Mandatory Oil  Import P r o 
g r am that created a negative influence o n  dome s t i c  refining capacity. 

I mports o f  Unfinished P roduct s  

A pe rcentage o f  the l i cense s  a l l ocated t o  refiners and p etro
chemi cal p l ants may be u s ed t o  import unf inished pr oducts ins.tead 
o f  crude . These percentag e s  are 15 p e rcent of offshore l i cens e s  
awarded t o  refiners i n  PAD D i s t r i ct s .  I through I V  and 2 5  per cent 
f o r  D i s t r i c t  V refiners . Up to 1 0 0  p ercent of the Canadian quo t a  
awarded t o  D is tricts  I through I V  r e f iners and , under special 
c i r cums t ance s , up . to 1 0 0  p ercent o f  awards to ,.p etrochemical p l ants 
may a l s o  be us ed to import unf inished products . · 

I n  the p as t ,  well  over he l f  o f  the op tion t o  import  unfini shed 
products in l i eu of crude has b e en exerc i s e d . By importing thes e 
unfinished products , whi ch are us ually comp onents from crude dis 
t i l l at i o n ,  l e s s  dis t i l lat ion capacity has b e en required in the Uni ted 
S t a t e s . H oweve r ,  at the s ame t ime , downs tream r e fining capacity has 
b een provided in the Uni te d  S ta t es to proce s s  the unfinished o i ls . 
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Imports of Finished Products 

P rovi s i ons existed in the Mandatory O i l  Imp o rt Program to p e r 
m i t  fini shed product imports . In s ome c a s e s , such as r e s idual fue l 
o i l  imported into D i s t r ic t  I ,  no r i g i d  control was exercised  over 
the volume of p ro duct s imported . In other cas e s , the product vo lume 
was l imit e d  an d special  pro duct quo tas we r e  allocated in a vari e ty 
o f  way s , such as  awards t o  certain Puerto Rican refiners . 

Petroleum products are re fined in the United States from a 
combina t i on o f  for e i gn and dome s t i c  crude s .  Unt il r ecently , dom e s t i c  
crude h as been h i gh e r  i n  p r i ce than foreign crude . Therefore , p rod
ucts from U . S .  refiners were h i gher in cost  and p r i ce than p roducts 
manufactured in foreign refineries from fore ign crude a lone . I n  
addi t i on t o  r aw material cost  difference s , fore ign re fine r i e s , in 
many cases , have b e en che aper to con s t ruct and op erate . Thi s has 
further l owere d the co s t  o f  products from fore ign refineries 
rel ative to tho s e  produced in U . S .  l o cations . 

Thus , a driving economi c force has exis ted t o  use a l l  of the 
l icens e s  granted t o  imp ort finished products from fore ign crude run 
in refiner i e s  located outs ide the Un ited S t at es . There has been 
a corresp onding r educ t i on in refin ing cap a c i ty requi red within 
the Uni ted Stat e s .  For examp l e , s ome of the finished product 
quotas app ly to imports  from the Virg in I s l ands and Puer to Rico , 
resulting in location of refining cap ac ity there as opp osed  to 
PAD Dis tricts I through I V .  

Spe c i al In centive P lans 

In the p as t , certain p l ans have b e en con s i dered to neutr a l i z e  
th e r aw mate rial c o s t  disadvantag e that the dome s t ic re f iner us e d  
t o  face when foreign crude s were cheaper than dome s t i c . These 
p l ans were des igned to grant the dome s t i c  r e f iner treatment unde r  
the Mandatory O i l  Imp o r t  Program s im i l ar to that afforded to th e 
offshore re fine r . 

For examp l e , the fore ign trade zone p lan allows a r e finer t o  
build faci l i ties  o n  U . S .  s o i l ; howeve r ,  h i s  refinery is  treated a·s 
being out s i de o f  the U . S .  cus toms terr itory . The refiner is  p e r 
mitted t o  imp o r t  crude out s ide o f  normal U . S .  quo ta restrict ions 
into th e t r ade zone . The pr oducts  manufactured in the trade zone 
are in turn subj e c t  to the s ame imp o r t s  treatment as o ffs hore 
product s . However , estab l i shing a fore ign trade z one enta i ls legal  
comp l i c at ions and requires s trict  s e gregation o f  the trade zone 
f ac i l it i es from normal r e fining operat ions . As a r e s Ul t ,  the 
benefits of fac i li ti&s  integration cannot be r e a l i z e d .  

There were o ther incentive p l ans that existed i n  t h e  Manda
tory Oil Import Program .  For examp l e , the low- sul fur bonus p l an . 
al l ocated crude quo t a  t o  a PAD District  V r efiner equivalent in 
volume t o  his s al e s  o f  l ow - su l fur fue l o i l .  The petroc hemical 
imp ort - for - export  p l an a l l ocated quo t a  based on th e hydro carbon 
cont ained in exported p e trochemica l s . The fuel o i l  desulfur i z a t ion 
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p l an ,  whi ch was suspende d ,  would have in e s s ence allowed the d e 
s ul fur i z a t i on o f  high- sul fur fue l  o i l  imported  without the us e o f  
regular unf in i shed quo t a .  

These p lans woul d have a l l owed the r e f iner t o  manufacture 
spe c i f i c  p roducts ( l ow - sul fur fuel o i l  in D i s trict  V ,  exported 
p etro chemica l s , etc . )  from foreign r aw materials , j ust as the 
o ffshore refiner doe s .  In this way , the dome s t i c  re finer would 
h ave b e en able to  reflect the historically l ower c o s t  o f  foreign 
r aw mat e r i a l s  in the p r ice charged for these specific products and 
would have b een more ab l e  t o  comp e t e  with the products o f  for e i gn 
r e f iner i e s . Thi s app l ied t o  both exports o f  p ro ducts from the 
Uni t ed States and reduct i on o f  product imp o rt s  into th e Uni t ed 
S t at e s . 

Over l and Crude I mports 

Generally speakin g ,  i f  overlan d  crude imp orts were not p er 
m i t t e d ,  they would b e  r ep l aced by increas ed imports  o f  offshore 
crude . Thus , permi tting ove rland crude imp o rts in the ab s ence 
of o ther factors has a minimal effect on the vo lume of U . S .  
r e fi ning capacity.  

In  the case  o f  C anadi an crude imp orts , h oweve r ,  o ther con
s i de r a t i ons c ome into p l ay .  P roducts coul d b e  imp orted free o f  
volume res trictions ove r l an d  from C anada i nt o  the Uni t e d  S t ate s , 
providing th e p roducts wera manufactured from Canadian crude in 
C anadian re fineries . At the s ame t ime , the vo lume of Canadian 
c rude and equivalent that may be imp orted i s  l imited by Canadian 
expo r t  control s . Thi s  creates a driving force t o  locate refining 
capacity in Canada . 

Quo t a  All ocat i ons 

The maj o rity of the imp ort quo t a  was a l l ocated to refine r s  
o n  t h e  b a s i s  o f  their refin ery thro ughput s .  Thos e refiners w i s hing 
t o  p r o ce s s  foreign crude must trade with other p arties who se a l l o 
cati ons exceed the i r  needs . Under the a l l o cation system ,  offshore 
imp o rt quo t a  was distribut ed on a s l iding s cal e b a s i s  whi ch awarded 
a decreas ing p ercentage o f  import quota a s  a refiner ' s  throughput 
incr e a s e d .  Thus , the incent ive to exp and capacity result ing from 
quo t a  a l l o cat i ons decreased with the re finer ' s  s i ze , the reby p enal
i z ing the construct i on of large , effic i ent r efineries . This 
feature of the program d i s couraged U . S .  ref ining cap acity.  

If  quo t a  grants had  been equally prorated on  the  bas i s  o f  
throughput , a refiner would have rece ived the s ame amount of quota 
for hi s f i r s t  and l a s t  increments o f  throughp ut . In this way ,  
incre a s e s  in r efinery runs wo ul d have e arned more quota than under 
today ' s  system , thereby lending more encouragement to expand dome s 
t i c  r e fining capacity . 
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Oil  I mp or t  P o l icy and Refining C ap a c ity 

At p r e s ent , the p etro leum . industry i s  op erating near or a t  
a maximum re fining capacity i n  the United State s , with every ind i 
cation that p e r s i s tent s hortages of dome s t ic cap acity w i l l  exist 
for at least the next s everal year s . The lag in development of 
new re f in ing capacity in the United S tates , coupled  wi th the extent 
of rel ated capacity alre ady exported t o  the Car ibbean and other 
adj acent areas , is  cause for s e r i ous concern . These t rends invo lve 
a number of comp l ex national as well  as international considera
t i ons , the  more important o f  whi ch a re d i s cussed  in the fol lowing 
s e c t ions . 

The Nat i onal Secur ity 

In evaluat ing the relat ionship o f  o i l  imports to requirements 
o f  na t i onal s e curity , th e Trade Expan s ion Act o f  1 9 6 2  ( Se c .  2 3 2 , 
Safeguarding Nat i onal Secur ity)  provides that the Pre s i dent and the 
Office of Emergency Prep aredn e s s  shall  g ive cons iderat i on to : 

• • •  dom e s t i c  production need for p r o j e cted national 
de f ense  requirements , the cap acity of domes t i c  in
dus t r i e s  to meet s uch requirement s ,  exist ing and 
anti c i p ate,d ava i l ab il it i e s  o f  the human resources , 
products , raw material s , and o ther s upp l i es and 
s ervices e s s ential to the nat i onal  defense , the 
requirements o f  growth o f  such indus tries  and such 
supp l i e s  and services including the inve stment , 
exp l o rat i on and development nece s s ary t o  assure 
such growt h ,  and the importat ion of goods in terms 
o f  their quant i t ie s , ava i l ab i l i t i e s ,  character , 
an d u s e  as tho s e  affe ct such indus tries  and the 
capacity o f  the Uni te d  States  t o  meet nat i onal 
s e curity requi rements . 

. . .  furth er recogni z e  the clo s e  r e l at i on of the 
e c onomic we lfare of the N a t i on to our nat ional 
s e curity , and shall t ake into cons i derati on the 
impact of foreign competition  on the economic 
we lfare of indiv idual dome s t i c  indus tries ; and 
any s ub s tant ial unemp l oyment , decrease in revenues 
of g overnment , l o s s  o f  skills  or inv e s tment , or 
o ther s e ri ous e ffects resul t ing from the disp l ace
ment o f  any dome s t i c  products b y  exc e s s ive imp orts 
s ha l l  be con s i dered,  wi thout exc luding o ther factors , 
in determining whether such weakening o f  our intern
al e conomy may imp air the nat i onal s e cur ity . 

An exp an ding , vi ab le domes t i c  refining indus t ry cap ab le o f  
mee t ing p rimary product demands i s  e s s en t i a l  t o  the e conomic 
s tructure o f  the u . s .  o i l  indus try and the cons idered require -
ments o f  nati onal s e cur ity.  Although the  U . S .  o i l  indus try wi l l  
require s ub s t antially larger vo lumes o f  foreign o i l  t o  supply the 
ant i c ip ated growth in demands , maxim i z ing dome s t i c  refining cap a c i ty 
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t o  the ful l e s t  extent p o s s ible provides a greater degree of f l ex i 
b i li ty in meet ing bas i c  nat i onal s e curity cons i derat i ons . To 
increase p ro duct imports at the expense of dome s t ic r ef ining cap a 
c i ty would p l a ce the Uni ted States i n  a p o s i tion of having t o  d e 
p end on foreign s ources for n o t  only a growing p a r t  of its  crude 
s upp ly but a l s o  to an increasing degree on foreign p r o ce s s ing 
cap acity . This would appe ar contrary t o  the nat i onal security 
and the national defense as  defined by Section 2 3 2  of the Trade 
Expans i on Act . 

In February of 1 9 7 0 ,  the C ab inet Task Force on O i l  Imp o r t  
Control s  conclude d that : 

• National s ecurity in p etroleum requires t.hat there b e  
suffi cient dome s t ic refining t o  me et e s s ential  U . S .  
demand in supp ly emerg ency . 

• Sufficient capacity requires . not only adequa_te "barr e l s  
p e r  day" cap acity but a l s o  the ab ility t o  accep t di fferent 
typ es o f  crud� input s and produce di fferent o utputs in 
r e sponse to a supp ly cris i s . 

• Any sys tem o f  import re s tr ict ions s hould b e  des igned to 
maintain adequate r ef in ing c apacity and flexib il ity , to 
encourage maximum c ompet i t i on and t o  s afeguard exi s t ing 
investment to the great e s t  extent p o s s ibl e . 

The P o l i t ical and E conomic . Risk of Fore ign I nvestment 

One o f  the  more criti cal is sues to be considered in evalua
t ing onshore v e r s us offsho re l ocat i on o f  refining capacity t o  meet 
dome s t ic requirements i s  the uncer ta inty created b y  p o l it ical and 
e c onomic ins t ab i l ity in various areas of the Free World.  The 
growing r at e  of exp r opriat ion and nat i ona l i z a t i on of Ameri can and 
o ther foreign i nve s tment s  in such areas must be con s i dered in 
d�termining the advantages  and disadvantages o f  imp ort p o l i c i e s  
whi ch would �ubstant i a l ly incr ease  pr oduct supply from fore ign 
refin er s . Fore ign refiner i e s , des igned t o  export the  maj ority 
of their outpu t ,  are l o cated either in proximity t o  trude oil  
r e s o urces or a l ong t ransp ortati on routes  b etween maj o r  s ource s o f  
crude o i l  and t h e  maj o r  marke t s , and are pot entially more vulne r 
able to t h e  r i s k  of p o l itical  and e conomic pressur e s  than are 
marke t l o cated r e f iner i e s . 

Short o f  actual expropriation and/ or nati onal i z at ion i s  the 
r i s k  o f  host government control  o f  p art o r  all of the  operations 
o f  a p ar t icular f a c i l i ty .  Thi s could affect a company ' s  operat ions 
in any numb e r  of ways incl uding the  avai labil ity o f  supp l y ,  p r i ce 
and, p o s s ibly , control o f  finished p r oduct sales  in consuming areas . 
Thes e are r i sk s  whi c h  must b e  we ighed in evaluating the long- term 
s e cur ity of such facil i t i es . 
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Foreign Host Country Demands 

Notwithstanding the p o l i t i cal and e conomic r is ks invo lved in 
the exp ort o f  re fining cap acity t o  s upply the U . S .  marke t , there is  
the r e al p o s s i b i l i ty that , in the long run , the U . S .  Gove rnment may 
not b e  in a p o s i t i on to e ffectively imp lement p o l i c i e s  des igned to 
maxim i z e  construct ion of ref ining cap acity in the Un ited States . 

O i l  p roducing country memb ers r ep r e s ented by the Organ i z at ion 
of Petroleum Exporting Countr i e s  (OPEC) have ab out 8 0  p ercent o f  
the non-Commun i s t  world ' s  o i l  res erve s ( s e e  Tab l e  1 4 , Chap ter Two)  
and supply a lmo s t  8 5  percent of We stern Europe ' s  and Jap an ' s  o i l  
requirement s .  An incre as ing percentage of U . S .  requirements i s  
exp e cted to be met from p roduction from th ese s our ces  through at 
l e a s t  1 9 8 5 . 

The inv es tments and operating interes ts of U . S .  nationals in 
the s e  foreign producing op erat ions are huge . The economic return 
from s uch operati ons has for s ome t ime repre s ented a s trong and 
favorable e l ement in this country ' s  balance of p ayments . In the s e  
cir cum s t ance s ,  the U . S .  Government s hould continue equitab le t ax 
treatment o f  U . S .  inve s tment s abroad , including U . S .  income tax 
credits for foreign income taxes p a i d .  

Further , t h e s e  foreign inter e s t s  o f  U . S .  nationals are 
de s e rving o f  ful l  unders tand ing and p o s itive s upport of .. the U . S . 
Gover nmen t .  Particularly imp ortant i s  the need for the U . S .  
Gove rnment to cont inue to advo cate the free flow o f  cap i tal and 
te chnolog y  to o i l  producing countr ies with the unde r s t anding that 
U . S .  p r ivate investments w i l l  be equ itably treated on the . b as is  of 
commitmen ts made by both the host country and the U . S .  inve s tor . 
Of course , the legi t imate demands and concerns of host  countries 
de s erve and should receive s e r i ous and full cons iderati on by the 
U . S .  Gove rnment .  

Early in 1 9 7 2 , a numb e r  o f  o i l  compani es agreed in princip l e  
t o  the OPEC reque s t  for 2 0  percent p articipation i n  exp loration 
and p r o ducing ope rat ions . Subs equen t l y ,  Kuwait , Qatar , Abu Dhabi 
and S audi Arab ia agreed to a cquire an initial 2 5  per cent inte r e s t  
in operat ions within their resp ect ive countries and an eventual 
5 1  p e r cent i nterest  by 19 8 3 .  N e got i a t ions are now under way , o r  
remain to b e  comp lete d ,  wi th a numb e r  o f  other foreign producing 
country governments , inc luding Libya and Nigeri a .  

The who l e  matter o f  fore ign producing governments p articipa
t ing in downstream operat i ons remains highly uncert ain.  With s o  
many imp ortant matters s t i l l  t o  b e  negotia.ted  wi th respect t o  e x 
p l orat ion and produc ing op er ations , i t  would b e  pr emature to 
sp eculate too much at th is t ime on the extent and method of such 
particip ation . Neverthe l e s s , the agreemen t s  a lready nego t i ated 
w i th foreign produc ing count ries  have rai s e d  the p o s s ib i l i ties of 
future p art i cipat ion by thes e p roducing countries  in the downs tream 
refin e ry operations o f  the o i l  industry . The extent to whi ch this 
may material i ze in t h e  construction of n ew capacity in e i ther the 
cons uming markets or p roduc ing are as coul d h ave far- re aching 
s i gn i f i cance on long - t e rm imp o rt p o l i cies . 
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The concept o f  "parti cipat i on" is  not new or un ique . Joint 
ventures in whi ch private · compani e s  operate in conj unct ion with 
nationa l concerns have b e en in e ffect for s ome t ime in a numb e r  o f  
areas . Hopeful ly , producing country government owne rship o r  
p a rt i cip ation i n  foreign o i l  op e rations w i l l  work t o  s t rengthen 
exis ting r e l a ti onships b e tween o i l  companie s and foreign govern
ments and thereby contr ibute needed s t ab i l ity t o  these opera t i ons 
a s  w e l l  as  moderate wide ly different current po l i t i cal attitud e s . 

Over the longer term i t  s eems inevitab l e  that th e higher the 
c o s t  of o i l  from the OPEC countr i e s  r i s e s  due to incr eased g o ve rn
ment " t ake , "  the greater the incen tive wi l l  b e come to explore for 
and develop crude oil reserves o r  synthetic o i l  from coal o r  s hale 
in the Un i ted S tate s . Also demands for part i c ip ation,  with 5 1  
p ercent control by the ho s t  governmen ts , imp rove the r e l ative 
attract iven e s s  of inve s t ing in dome s t i c  producing and re fining 
op erati ons . A construct ive p o l i cy to encourage deve lopment o f  
dome s t i c  energy s ourc e s  i s  clearly cal led f o r .  U . S .  o i l  imp o r t s  
w i l l  r i s e  in any event due t o  l im i tat i ons i n  dome s t i c  supp l y ,  but 
the greater the encouragement o f  dome s t i c  o i l  res ources , the l e s s  
the growth i n  imp o rts w i l l  have t o  be . 

Recogni t ion o f  these foregoing cons iderat i ons may result in 
maj or change s which affect tradi t i onal p o s it ions , but on the o ther 
hand,  they wi l l  provide opp ortun i t i es for e s t ab l i s hing p o l i c i e s  
consistent with the p o l i tical  and economic factors o f  t oday and 
the futur e .  Thus , ne ither a rigi dly de fens ive pos ture on one s ide , 
nor  an irrespons ible radi c a l i sm on the o th e r ,  can help t o  create a 
b a l anced and more s tab l e  s i tuat ion in whi ch the l e gitimate g o a l s , 
r equirements and intere s t s  o f  the o i l  exporting and imp o rt ing coun
t i res , as  we l l  as  o f  the internat ional oil  comp an i es , can be 
r e conci l e d  . and r e a l i z e d .  

U . S ,  Government p o l i cy may b e  forced t o  recogn i z e  t h e  growing 
l eve l o f  hydr o carbon imports  as  but one p art o f  the total  energy 
s upp ly required t o  me et rapi dly expanding ddme stic  requi remen t s - 
t aking into cons idera t i on n at i onal s ecur i ty , foreign p o l icy and 
t e chn o l o g i ca l , e c onomic and environmental factors . As the U . S .  
b e comes more dependent on petroleum imports , incre ased re fining 
capacity could g ive the U . S .  more lever age in dealing w i th foreign 
p ro duc ing countr ie s .  On the o ther hand , p arti cipat ion nego t i a t i ons 
might u l t imat e ly l ead to ins i s tence by the fore ign produc ing 
c ount r i e s  that some p art of our imp orts be supp l i ed in the f o rm 
o f  finished p r oduc ts . 

B a l ance o f  Tr ade 

Th e Nat i ona l Petrole um C ounc i l ' s  U . S .  Ene rgy Out l o ok Rep o r t  
conc l uded that o i l  imp o rt s could increase from 3 . 4  MMB / CD in 1 9 7 0  
t o  a s  much a s  1 9  MMB/CD i n  1 9 8 5  (Case  I V) . The more l ike ly l eve l 
ranged from a low o f  8 . 7  MMB / CD ( Ca s e  I I ) t o  1 3 . 5  MMB/CD (Cas e I I I ) .  
The NPC  s tudy fur ther concluded that the annua l deficit in b a l ance 
o f  t r ade in p e trol eum fue l s  could increase to as  much as $ 3 0  b i l lion 
by 19 8 5 , w i th the intermediate r ange e s t imated at $ 1 3  to $ 2 0  b i l lion . 
These conclus i ons were based  o n  the fol lowing as sump t ions : 
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• No r e s trict i on on cons truct i on o f  refining cap acity in 
th e Un ited States  w i l l  be imp o s e d .  

• Future m i x  o f  imp o rts w i l l  remain a t  present l eve ls ( 4 7  
p ercent crude o i l ,  4 0  p ercent res i dual fue l  and 1 3  p e r 
cent other product s ) . 

• Landed value o f  o i l  in 1 9 8 5  wi l l  reflect p roj e cted 
19 7 5  crude oil  prices based on es calatio'n factors in  
T ehe ran and Trip o l i  agreements as fol l ows : 

Crude Oil  
Res idual Fuel 
O ther Products 

We ighted Average 

$ 3 . 7 3  
4 . 3 4 
5 . 0 0 

$4 . 14 

This results  in a very conse rvat ive e s t imate of 1 9 8 5  
prices and U . S .  dollar out f l ow for imports . 

• Transportation charge s will  remain const ant at current 
leve l s . 

• Defi ci t s  in the b alanc e o f  p etroleum tr ade o f  p otentially 
as much a s  $ 3 0 b i l l ion annually will have s e rious con
s equences  on the Nation ' s  overa l l  bal ance of payments by 
1 9 8 5 . (All  cal culati ons used  cons t ant 1 9 7 0  doll ars . )  The 
out flow of d o l l ars i n  p aymen t for oil imp orts has in the 
past  been more than offset  by an inflow of funds from 
the foreign op erations of American petroleum comp ani es 
( i . e . , repatriated earnings and exports o f  r e l ated 
techno logy and equipment) . I t  is  unl ikely , however , that 
incre a s e s  in the do l l ar outfl ow o f  the magnitude indicated 
above could be o ffset by a corresponding inflow of e arnings , 

Import ing proport ionately more ref ined product by exporting 
U . S .  r efinery cap ac i ty for what ever r e ason would further imp a ir the 
a l ready unfavorable balance of trade proj ected in the NPC s tudi e s , 
The del iver ed price  o f  imp orted crude o i l  i s  cons iderably lower than 
the de l ivered p r i ce of equivalent imp orted finishe d  product . The 
annual dollar outf l ow on petro leum imp orts could be $ 2  to $4 b i l l ion 
higher if t o ta l  imports  in 1 9 8 5  were l imited entirely to o ther fin
is hed product . These e st imat e s  deve lope,d by the NPC are summari z e.d 
below :  

A ll Crude 
All Finished P ro ducts 
Current Mix 

Value o f  1 9 8 5  Imports 
( B i l l ions o f  D o ll ars)  

Case  I I  

1 1 .  8 
1 5 . 9  
1 3 . 1  

1 7 4 

Case I I I  

1 8 . 3  
2 4 . 6  
2 0 . 4  



No a l lowance has been made for the imp act o f  additional cap i 
t a l  outflow t o  finance the incr emental foreign capacity . The U . S .  
Gove rnment presently restricts  cap ital outflows for foreign inve s t 
men t .  An individual company ' s  p e rm is s ible  outflow i s  determin ed by 
a formula whi ch t akes into ac count such factors as p revi ous inve s t 
ment o utflows during t h e  1 9 6 5 - 1 9 6 6  base  period an d t h e  l eve l o f  
foreign e arning s .  Because of thes e restrict i ons on cap ital outflows , 
s ome U . S .  o i l  companies have had t o  raise  funds ab road in orde r to 
he lp f inance foreign direct inves tment . A s s uming that this s ituation 
r emains unchanged in coming year s ,  the cons truc t i on of new refineries 
ove r s e a s  t o  supply addit ional product imp orts into the Uni ted States 
would have to be f inanced l argely abroad,  with no addi t i onal c apital 
outflows beyond U . S .  Government l im i t s . 

Emp loyment in the United States  

Th e Dep artment o f  the Interior indi cated in a r e cent study 
that the " expo rt" of refining capacity s ince 1 9 6 1  has e l iminated 
emp l oymen t  opportunit ies in the Un i ted State s ,  not only in refining 
but a l s o  in other a l l i e d  and s upp orting industries . *  The s tudy b y  
the Department o f  the Interior indicates that more than 1 0 0 , 0 0 0  j ob s  
may have b e en l o s t  as  a resul t  o f  the  increase  i n  p roduct imports 
o f  a lmo s t  2 MMB/CD over the l a s t  10 year s .  The l o s s  of about 2 5 , 0 0 0  
o f  thes e j ob s  i s  dire c t ly attributab l e  t o  refinery emp loyment , and 
the b a l ance to allied  indus t r i e s . This serious l o s s  o f  emp loyment 
opp o r tuni t i e s  would undoub t edly be accelerated if the Uni ted S t ates 
commits  i t s e l f  to greater dep endence on foreign process ing cap acity.  

Mo dification of the Import Control Sys tem 

O i l  imp o rt p o l i cy and the imp lement ing contro l system can be 
ins trumental in promo t ing the  long- term growth of dome s t ic refining 
cap acity , providing adequate econom ic incent ives preva i l  to encour 
age r e finery inves tment i n  the Uni t e d  S t at e s . With a growing depen
dence on forei gn oil and with future increas e s  in the p ri ces o f  for
e i gn s upp l i e s  almost  a fore gone conclus i on ,  re fined product p r i ces in 
the  Uni ted States  w i l l . have to ensure the refiner an adequate r eturn 
o n  investment . Anyth ing l e s s  wi l l  result in continued shortage s 
o f  r e f ining capacity to me e t  deman d .  

The Mandat ory O i l  Import  Program alone is  n o  longer an 
e ffective me ans for ensur ing adequate supp l i es of p et r o leum to meet 
requirements in the Uni ted S t ates . The comp lexity o f  the refining 
i ndus t ry , the s i z e  and geograp hy of the U . S .  market , the rap i dly 
chang ing s upply cond i t i ons and the widespread l ocat i on o f  inl and 
refining cap acity have made it increas ing ly di fficult to admin ister 
a quo t a  a l l o ca t i on sys tem and ,  at the s ame t ime , ensure adequate 
sup p l y  to a l l  r e finers . 

* U . S .  Dep artment of the Interio r , Office b f  O i l  and Ga� 
Trends i n  Capacity and Uti l i z a t i o n , De cember 1 9 7 2 .  
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Uncertainties  concerning the future direction o f  import  
p o l i cy ,  uncertaint i e s  with respect t o  a l l ocations within the exi s t ing 
sys tem and quo ta r e s trict i ons l imit ing access  to foreign supply have 
made i t  i nc re as ingly di fficult for any refiner t o  realize  the a s s ured 
and adequate long - t e rm supp ly of crude o i l  necess ary for large s cale  
exp ans ion o f  refining cap ac i ty .  The re sult ing l ag in  deve lopment of  
new refining capac i t y ,  coup l ed with the  deficit  in dom e s t i c  raw mater
ial s upply and the r ap id increase  in requirements for foreign c rude 
o i l ,  has created an urg ent need for mo dificai ton of existing imp o r t  
c ont r ol s . 

Shor t - Term Cons iderat i ons 

Sho r t - t erm cons ider a t i ons within the imp ort cont rol system 
have be come critical  in the l a s t  6 t o  1 2  months . This i s  evidenced 
by the growing shortages o f  both cru4e o i l  and p r oduct s ,  by the 
necess ity of e l iminating controls o� l i ght heat ing o i l s  for the 
first  4 months in 1 9 7 3  and by the fact that the refining indus try 
i s  op e rating at o r  close  to max imum e ffective cap ac ity . 

With no s ub s t antial add it i ons t o  cap ac ity s cheduled t o  come 
on- stream over the n ext s everal years , the growth in petroleum d e 
mand,  a t  least  through 1 9 7 5 ,  wi l l  have t o  be increas ingly s upp l i e d  
by imp or t s  o f  fini shed products , as sumin g suf fic ient foreign r e 
fining cap acity i s  ava i lab l� t o  mee t  these r equirements . L e ad t ime 
o f  at l e a s t  3 ye ars to construct new large increments o f  re fining 
cap ac i ty pre clude any other p os s ib i l i t i e s  at the presen t  t ime t o  
meet the n ormal short - term growth i n  petroleum demands . Revis ions 
in the imp o rt program w i l l . b e  necess ary to meet the short - term con
s i de rat ions o f  p ro duct s hp'rt ages . 

I 
I t  i s  imp ortant tp ' recogni ze , howeve r ,  that product imports  

d i scourage the deve lopment o f  dome s t i c  r efining capacity . At the 
s ame t ime , increased p etrolyum pr oduct imp or t s  are e s s ential  to 
me e t  demand over the near �erm . Chang e s  in the import program to 
accommodate addi t i onal product imp orts have b een neces s ary , but 
it is imp ortant that these ch anges be comp at ib l e  w ith l ong- term 
goal s and p r iori t i e s  of import p o l i cy .  Adequate incent ive s to phase 
o ut the s hor t - term increase in p ro duct imports will b e  necess ary 
as add i t i onal dome s t ic refineries are br ought on - stream .  

Long- Term Cons iderat i ons 

The NPC U . S .  Energy Out look Rep ort r ecommended that imp ort 
po l i ci e s  be des igned t o  encour age the g r owth of domes t i c  r ef ining 
cap ac ity by as suring re finers adequa te acce s s  t o  long - te rm crude 
o i l  s upp lies . The extent to whi ch product imports  may b e  required 
t o  meet s h o rt - te rm cons iderations should not obviate the need for 
long - t e rm p o l i cy gui de l ines to encourage the deve lopment of dom 
e s t i c  re fining cap abi l i t i es . 

Var io us propo s als and recommenda t i ons to rev i s e  the import  
control  sys tem and make it  more respons ive to refinery r equirement s 
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have been s tud ied and cons idered . These prop o s a l s  include , but are 
n o t  l imi ted to : 

• Mo dification of the exis ting quota s y s t em with special 
incentives for deve lopment of U . S .  r e f ining cap acity.  
I ncl ude d are quota incentives for new r ef inery cap acity , 
incentive s for dev e lopment o f  heavy fue l o i l  refineri es , 
low-sulfur bonus propo s al s , etc . 

• E l imination of formal quo t a  contro l s  on crude o i l ,  a 
p ha s e - out o f  product imports or al ternatively a tar i ff on 

· p roduct imports , w i th provis i on for s t andby control s  in 
the event that fore ign product ive c ap ac ity thre atens the 
we l l - b e ing of the dome s t i c  producing indus try . 

• A tariff sys tem with a phas e - out o f  formal quota contro l s . 

• A quo t a - auct i on sys tem or quo t a - t ar i ff sys tem . 

• E l iminat ion o f  crude quota contr o l s  b y  requiring each 
refiner t o  run a predeterm ined p ercentage o f  U . S .  pro 
duced petroleum l iquids . 

I t  i s  not  the i nt ent of this study t o  evaluate the advantages 
or dis advantages of any of the specific  prop o s al s  sugge sted,  but to 
cons ider those gui de lines  e s s en t i al to the l o n g - t e rm deve lopment of 
crude p r o ce s s ing faci l i t ies . I n  o rder to b e  e ffect ive , any s y s t em 
of imp ort contro ls , whether quota restrict ions or var iat ions thereof , 
s hould  at the very least cons i der : 

• More favorab le provis ions for imp ortation o f  crude o i l  
than r e fined pr oducts . 

• Prov i s i ons t o  ensure a market for al l domestic crude 
p roduction.  

• P o l icies  that p r ovide the  domes t i c  r efiner assurances 
of an adequa te and long - te rm sup p l y  o f  crude o i l  from 
dome s t i c  as w e l l  as fore ign s ources and ,  in so doing , 
a s s ur e  maximum u t i l i zation cif exi s t ing ref ining capac i t y .  

• I n cent ives t o  o ffs e t  the dis advan t ages  faced b y  dome s t i c  
re finers when manufacturing products currently �xempt 
from formal quo t a  contro l .  

• A degree o f  cons i s te ncy and s t ab i l i ty in o rde r to provide 
r efiners the b a s i s  for e s t ab l ishing l ong- term p l ann ing 
ob j e c t ive s . 

• Comp at ib i l i ty w i th ove rall  ob j e ctive s  o f  energy p o l i cy . 

NATURAL GAS POL I C I E S  

Federal control  o f  we l l he ad p r i c e s  o f  natural g a s  a t  art i 
f i c i a l ly l ow ce i l ings has  contr ibuted t o  ( 1 )  an inflated demand 
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for gas re lative to o ther energy fue l s ,  ( 2 ) a reduct ion in exp l o r a 
t i on activity f o r  new g a s  res erve s , and thus ( 3 )  an accel erated 
dep l e t i on o f  exist ing reserves . As a result , s hortfalls in natural 
gas supp l i es have b ecome more frequent in recent year s . With a 
continuance o f  the exis ting economic and p o l i t ical env ironmen t ,  the 
p ro j e cted shortage in dome s t i c  supply i s  almo s t ly dire ctly p rop o r 
t i onal  t o  the increase i n  future requirements . 

B e caus e of environmenta l  cons iderat ions and o ther factors , 
o il has been and wi ll continue t o  b e  required in increas ing quan t i t i es 
to meet this  shortfal l in dome s t i c  g a s  supp ly . To this extent , the 
current shortage of gas , attributab l e  to p a s t  federal p o l i cy ,  has 
contributed t o  inflating the demand for oil  and a ttendant refinin g  
capaci t y .  

Permitt ing fie ld prices o f  natural g a s  t o  re ach their com 
p et it ive l ev e l s  with other energy fue l s ources would expand exp l ora
t i on e fforts for new o il and g a s  rese rves and futur e domestic  
supp l i es t o  meet market requirements . To the extent that addi t i onal 
domes t i c  supp l ie s  o f  natural gas can effectiv e ly r educe the Nat i on ' s  
o verall  energy shortfall , there would be an e quivalent r eduction 
in the demand for o i l  and a reduction in required refinery capacity . 

The U . S .  i s  presen t ly face d with short - t e rm shortages o f  
energy fue ls and p o tenti al l on g - t e rm de ficits i n  ava i l ab l e  hydr o 
carb on res ources . Acco rding t o  t h e  NPC ' s  U . S .  Energy Out look Report , 
the dom e s t i c  o il supply deficit by 1 9 8 5  could be as much as 1 9  MMB/ 
CD ( C a s e  I V) . The gas de ficit could b e  as  much as 7 t r i l l i on cub ic 
feet (TCF)  in 1 9 8 5  depend ing on the l evel of demand.  

Whi l e  dome s t i c  o i l  and gas  pr oduct ion has been adver s e ly 
affected by lack o f  economic incentive s , by infrequent Outer 
C ontinental  S he l f  (OCS) lease s a l e s  and by unr e a l i s t i c  environmental 
l imitat ions , a reve r s a l  of such p o l i c i e s  n ow is  not ap t to narrow 
s ignific an t l y  the supply/demand g ap in the near term .  This short
fall mus t  n e c e s sarily b e  provided from fore ign s ources . The s i g 
nifi cant factor is  the form i n  whi ch that energy can and should b e  
importe d .  · 

I t  s hould als o b e  noted that the United S tates S up reme 
Court has  de c i de d  in the Uni t e d  Gas P ipe Line Case  that the Fede r a l  
P ower C ommis s i on ( FPC)  has authori ty to all ocate sales  o f  natura l 
gas  by int e r s t at e  p ip e l ine s .  An exer c i s e  o f  this j ur i s diction 
based up on such a l l o cation could drama t i cally mo dify exis t ing fue l  
p references and economic restraint s . I nasmuch as FPC p o l icy in this 
area has not  been articulated in a m e an ing ful way , i t  i s  imp o s s i b l e  
now t o  s p e culate  up on the eventual e ffect o f  such p o s s i b l e  action · 
on demand by fue l types . All o f  these  considerations lead to the 
p o s s ib i l ity t h at both obj ectives and r emedial act i ons c once rning 
dome s t i c  refining cap acity may have t o  be examined and cons i dered 
on both shor t - and long - t erm bas e s . 

Current imp ort policies  have encouraged off shore production 
of r e s i dual fue l . The resulting g r owth in o ffshore refining cap a
c i ty has a l s o  p rovided sub stant i al vo lumes o f  naphtha t o  me et local  
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gaso l ine requirements , m i l i tary grade j et fue l s , feedstock for 
manufacture of p etrochemical and unf inished o i l s for further p r o 
cess ing i n  U . S .  refiner i e s . Under mandatory contr ols t h i s  material 
would only be imported by us ing quota l i cens e s . 

This rep ort recogni z e s  that neither the regas i fi cation o f  
l ique fied natural gas (LNG) nor the conve rs i on o f  a l iquid p e t r o 
leum feeds tock into s ynthe t i c  n atural gas ( SNG) i s  cons i de re d t o  b e  
dome s t i c  re fining cap aci ty p e r  s e .  Though SNG faci l i t i e s  are not  
recogn i zed as "re fining cap acity , "  thos e facil i t i es could b e  con s i d 
e r e d  an incentive for  a refiner to l o cate incremental refining 
cap acity onshore due to the syne rg i s t i c  benefits such facil i t i e s  
may h ave to a refining comp le x .  Natural ly , the incentive benefits 
of SNG faci l i t i e s  are conditioned upon a favorab l e  federal r e gu l atory 
p o l i cy on SNG . On the other h and , inte g ration o f  LNG faci l i t i es 
within a refinery o ffers no in cent i ve . 

. I f  the pr ice o f  new gas  were allowed t o  r each market c l e ar -
ing l eve l ,  the  e ffect on dome s t i c  refinery capacity should be 
bene f i c i al in the long term .  G a s  prices  would n o  longer b e  ar t i 
ficial ly low,  and g a s  would p robab ly b e  displaced i n  many o f  i t s  
l ow-cost  energy app licat i ons b y  the refiner ' s  products , such a s  dis 
t i l l at e  or res i dual fuel o i l . Thi s could r e sult in a decreas e d  
demand for sup p l emental natural gas  i n  t h e  form of LNG and SNG .  On 
the supp ly s ide , higher wel lhead prices  woul d s t imulate more dri l l ing 
for gas . This in turn , would result in addi t i onal dome s t i c  as s o cia
ted crude oil  be ing d i s cove red and p roduced . Higher dome stic  crude 
o i l  p roduc t i on would favor dome s t i c  re finer i e s , especially tho s e  
unfavorab ly l o cated t o  receive foreign crude o i l s . 

L ique fied Natural Gas  

L iquefacti on i s  a means of  preparing natural gas  for  e i th e r  
s hipment o r  storage . One cub i c  f o o t  ( 0 . 1 7 7  barre l s )  o f  l iquid 
me thane , at - 2 6 0 ° F  and at 1 atmosphere pres sure ( atm) , i s  the 
equivalent of app roximately 6 3 0  s t andard cub i c  feet (SCF)  of methane 
gas . 

Present Regulatory Authority 

The Dep artment o f  the Interior does not currently have a 
r egulatory p o l i cy on the importation of LNG . The FPC regulate s  
LNG imports on a case-by- case b as i s ; howeve r ,  i t  does have authority 
pursuant to S e c t i o n  3 o f  the Natural Gas Act to app rove or dis app rove 
imp orts of LNG , or to require imports  to be made under c ondi t i ons 
needed to protect the  interests  o f  consumers . 

There are no p r e sent prop o s al s  b efore the FPC to imp o r t  
a maj or p o rt i on o f  t otal  fuel r equi rements i n  t h e  f orm o f  LNG . At 
p res ent no imp o r t s  h ave been f inally autho r i zed,  except relatively 
small volumes t o  me e t  p eaking requi rements , and the f i r s t  dat e on 
which imports could be received would be 1 9 7 5 .  G iven the  ab ove 

1 7 9  



c ir cumstances , there i s  no reason t o  modi fy the FPC ' s  j ur i s di ct i on 
over LNG impor t s . 

I n  1 9 7 2 ,  the Commi s s ion approved the imp ortation o f  Alger i an 
LN G - -equival ent to approximat ely 1 BCF /CD or almo st 1 8  TCF for 
the l if e  o f  the contracts . *  The Commi s s i on ( 1 ) required incremental 
p r icing of the substant i al l y  hig her - c os � LNG _ at the p ip e l ine level 
instead of p e rmitt ing it t o  be " rolled  ln" Wlth the l ower cost 
dome s t i c  supp l ies ; and ( 2 )  limited the price t o  7 7 ¢ - 8 3 ¢ /MMBTU ' s ,  
w i th p rovi s i on only for a 1¢  increase  in 1� 8 0 .  The FP� has not 
a s s umed j ur i s d i ct i on of imported LNG that lS not s o l d  lnte rstat e .  
Thi s may become a p rovince o f  the s t at e  regul atory b ody . 

Cons i derations 

The FPC p o l i cy app l icab l e  to LNG ,  as s e t  out in the Co lumb i a  
LNG Op in i on ( p arti cularly with respect t o  incremental p r iclng) , 
exerts some effect on the cons truc t i on o f  incremeptal  re fining 
cap aci ty and could result in pressure for the emp l acement of mo re 
U . S .  r e fining capacity . I f  the importation fai l s , b ot h  the short
term and the  long- term demand/ supp ly gap , and the demand for o ther 
ene rgy , will  incre a s e  by the amount o f  en ergy lost  from this s ou rce . 
I n  the event that such proj e c t s  be came feas ible  be caus e o f  demands 
at incr emental prices , LNG may be higher p r i ced than al ternative 
na tural hydrocarb ons such as naphth a ,  fue l o i l s  and crude , and thus 
increase t he demand for tho s e  energy s ources . 

LNG and other natural g a s  subst itutes , even though increme n t 
ally  p r iced and accep ted , may h ave no s ubstantial adverse e ffe c t  on 
incremental dome s t i c  refining cons truc t i on i f  short - term demands 
for gas  cannot b e  practi cally s a t i s f i e d  by products  from new dom
e s t i c  ref iner ies . Whi le the overall obj ective s hould be to encourage 
the maximum cons t ruct i on of dome s tic  refining cap ac i ty , fai lure to 
expand refine ry capacity in sufficient quantity to me e t  lon g - t e rm 
demand could neces s i ate increasing the use o f  LNG as  a s ub s t i tute 
fu e l . 

Synthet i c  N atural Gas (SNG) 

Synth e t i c  n atural gas i s  g as o f  p i p e l ine qual ity manufac
tured for s upp lementing n atural gas s upp l i e s  and m anufactured f rom 
l i gh t  hydro carb ons , o i ls and coals . 

Fres ent Regulatory Authority 

The Dep artment o f  the I nterior  has no authority to regulate 
the manufa ctur i ng of SNG • .  The Fore i gn Trade Zones B o ard " could 
app rove a F o re i gn Trade Zone ( FT Z )  and the Office of O i l  and Gas 

.* C o l umb i a  LNG Corp o rat i on ,  e t  a l . ,  Opinion N o s . 6 2 2  & 6 2 2A ,  
Docket Nos . CP 7 1 - 6 8 ,  e t  al . ,  June 2 8 ,  1 9 7 2  & O ct ob e r  5 ,  1 9 7 2 . 
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wou l d  then be resp ons ib l e  for i s suing an imp or t  l i cense or l i censes 
for withdrawal of the p ro duct from the FTZ .  

S e c t i on 9 o f  the O i l  I mp ort Regulations p rovides that methane 
p ro duced from o i l  is a petroch emical and thus may e arn quo t a .  A 
p e t r o chemical p l ant e arns 1 1 . 2  pe rcent o f  its  inputs in Districts  
I through IV  and 1 1 . 9  percent of  i t s  inputs in D i s t rict V .  An SNG  
p l ant running Wes tern Hemi sphere butane and l i ghter or �anad i an 
natur a l  gas l iquids would import  without quo t a .  The Unlted S t ates 
imp o s e s  no quanti tat ive restrictions on crude o r  unfini shed o i l s  
imported into Distr ict V from Canada . 

The Federal P ower C ommi s s i on redered an Opini on on Decemb e r  
7 ,  1 9 7 2 , recommending that SNG should not come under FP C regul ation 
unt i l  i t  i s  mixed w i th n atural g as . *  This i s  the first FPC 
op inion and o rder conce rning j urisdi ction over SNG . The opini on 
s ai d  that SNG i s  not  "natural g as "  within the meaning o f  the 
Natural G as Act . The Act would not cover any aspect o f  the propo s al , 
incl uding SNG ' s  p ropo s e d  manufacture , or i t s  transportation and s ale 
in interstate comme rce unmixed with natural gas . However , a m ixture 
of na tura l  and artificial  gas woul d  be con s i de re d  natur al gas sub j ect 
t o  regul a t i on . 

The Commi s s i on w i l l  not regulate the purchas e cont ract o f  the 
n aphtha feeds t o ck which woul d be dome s t i c  naphtha , but the feedstock 
supp l ie r  could not a s sure that the naphtha would be produced only 
from domes t i c  crude . Al gonquin proposed that the higher-priced  
( $ 1 . 80 /MC F)  SNG  be us e d  for p e aking periods only , when regular 
s upp l i e s  of l ower p riced ( $ 0 . 7 0 /MCF) gas are not  availab le .  

There was an as s ump t i on on the p art o f  the pip e l ine compan i es 
that the  SNG ; an unconven t iona l , higher-priced gas l ike LNG , i f  
ut i l i z ed for b a s e  l oad rather than "peaking" purp o s es , could b e  
" r o l l e d  in" the domes t i c  g a s  rate s , but Commi s s ion language i n  the 
C o lumb i a  LNG Case s ug ge s ting that all  unconven t i on al gas b e  p r i ced 
incrementally now casts  doub t  on that assump t i on .  In the Te con 
C as e ,  the initial  s taff b r i e f  recommended that SNG be treated com
p ar ab l e  to LNG ,  as in the C ol umb i a  LNG Cas e . 

Cons i de r a t i ons 

The O i l  P o l icy Committee  is currently under pres sure to autho 
r i ze imports  o f  naphth a ,  crude o r  both  for conv er s i on int o SNG t o  
s upp lement s ho rt dome s ti c  s upp l i e s . From t h e  v iewp o int o f  t ime , 
SNG from naphtha is  a ne a r - t e rm ( 2 - 3  years)  s our ce o f  additional gas 
s upp l i e s  in the Uni ted S t at e s . The primary fore ign s ource o f  
naphtha f o r  mo s t  prop o s e d  SNG p lant s i s  from refiners who have a 
sup p ly o f  naphtha that accomp anies  the ir r e s idual o i l  produc t i on 
for s hipment t o  the U . S .  E a s t  Coas t .  The imp ortat i o n  of naphth a ,  
as wel l a s  o t h er unfin ished o i l s  and finished pr oducts , has the 
effect of " e xp o r t ing ref ining capacity" as t h e  offshore r efinery 

* Al g onquin SNG , e t . a l . ,  Op inion No . 6 3 7 , Docket Nos . CP 7 2 - 3 5 ,  
e t  al . ,  Decemb e r  7 ,  1 9 7 2 .  
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takes advantage of l ower co s t  o f  con s truction and better harbor 
fac i l i t i e s . Thus , SNG would otherwi se b e  made from dome.stic  nap htha 
or would be rep l aced by other domestic  products (e . g . , distillate  
fue l)  in  the energy mark e t .  

On a long - t erm b as i s ,  a modification of the O i l  Imp ort Program 
to permit the quo t a - free  imp ortat i on of crude o i l  into special 
fac i l i t ies , which would proce s s  the imp orted oils into r e s idual fue l  
o i l ,  SNG or other products  not s ubj ect t o  quant itative imp ort 
restrict ions under Mandatory Oil Imp ort Program ,  would p rovide 
necess ary SNG witho ut the resultant exportat i on o f  refin ing cap ac i ty . 

The r egulatory p o l i c i e s  o f  the FPC respect ing " incrementa). 
pricing , "  i f  ext ended t o  SNG proj ects , would have the s ame effe c t  
a s  th ey do in the c a s e  o f  LNG- - that i s , they would encourage the 
exp ans i on of dome s t i c  ref ining cap acity.  The s ame consideration o f  
ene rgy need and t iming d i s cus s ed above with r� spect t o  LNG is 
app l i cab le to SN G ,  excep t that gas from imported naphtha could b e  
avai lab l e  in a shor ter t ime p eriod than LN G .  Whether dome stic 
refin ing capacity is  a pract i ca l  sub s t itute for thi s  en ergy source 
in this t ime period  is p ro b l emat i ca l . 

REF I NERY S I TING AND LAND USE 

L o cal environmental r e s t r i c t i ons and a growing antagonism on 
the p art of some state  and l o ca l  governments and p rivat e ly organ i zed 
citi zen groups t o  the l o cat i on o f  heavy indus try , such as  refineries  
and e l e ctric p ower p l ant s , have created serious prob lems for  l o c at ing 
n ew faci l i tie s in the maj or energy m arkets o f  the East  and We s t  
Coasts . With today ' s  p o l i t i ca l ,  s o c ial and environment al climate ,  
there are many restrictions imp o s e d  by re gulatory authorities  which 
are contr ibuting t o  the shortfall of refining capac ity . For 
examp l e ; Cali forni a and D e l aware h ave l e gis l ated coas t al l and - us e  
l aws that p l ace maj o r  res t r i ct ions on the indus trial us e o f  coas tal  
z ones . 

The NPC ref inery survey revealed that very few comp anies were 
p lann ing new r efiner ie s - - e ig ht refineries with a total o f  only 9 0 0 
MB/ CD capacity are in the p l ann ing s t age indus try-wide . Other 
comp ani es rep orted that land wa s ava ilable , but that en vi ronmen t a l  
cons iderations have forced them t o  defer any firm p l ans . 

Survey data from the industry indicate that , in general , 
refinery expans i on can take p l ace at exi s t ing locations . Thes e  
expansions are s ub j e c t  t o  the leng thy p rocess o f  obta ining permits  
under local  z on ing and environmental ordinances and in accordan ce 
wit h  all federal regulations . H owever , new grassroots  ref inery 
s it e s  are difficult to obtain , p articularly on the E a s t  and We s t  
Coasts  where addi t i onal refining cap acity i s  most needed . In these  
areas , local  ordinances  and s t a t e  regulations , such as coastal  z one 
acts , restrict  cons t ruc t i on within specif ied dis tances of the c o a s t 
l ine and make t h e  p o s s i b i l ity of dev elopment of mar ine fac i l it i es 
very unl ike ly . 
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The East  Coast (PAD District I )  has the larg e s t  population 
and is in the least favorab l e  p o s i t ion of any area with r e sp e ct to 
ene rgy s e l f- suffici ency . In 1 9 7 1 ,  crude capacity was only 2 5 . 1  
p ercent o f  product demand . About 2 . 0  MMB/CD o f  p roduc ts were imp o r 
t e d  from offshore ( 8 7 . 5  p ercent of U . S .  t o t a l  p ro duct imp orts ) , and 
about 3 MMB /CD we re brought in from the South and Southwest (PAD 
D i s t r i ct I I I )  by ship  and p ip e l ine . There has b een e s s entially n o  
s i gn i f i c ant growth i n  the refining cap aci ty on the E a s t  Coast s ince 
imp o rt contr o l s  were adop t ed . Proj e ct i ons o f  petro leum product 
requi rements indi cate an increase betwe en 1 9 7 0  and 1 9 8 5  of 4 . 8  
MMB / C D .  This repre s ents 4 1 . 1  p e rcent of the total growth for the 
Uni t e d  States . during t hat t ime p e r i o d .  

I f  i t  i s  necessary t o  s h i p  fore ign crude o i l  to the Gulf C o a s t  
f o r  refining and then b ack to the E a s t  Coas t ,  there w i l l  b e  added 
co s t s . I n  view o f  the imp ending shortfa l l  of refined products , the 
usual p ro duct a l l o cation procedures or the attempt to ful fi l l  t he 
s hortfa l l  from foreign sup p ly sources w i l l  impact more h e avily on 
the E a s t  Coast  consumer . 

Several l e g i s l a t ive b i l l s  before the Congress  are specifically 
r e l ated t o  l and- us e  p l anning o f  b oth p rivate and federal l ands . 
The s e  b i l l s  would provide for :  

• L and -use  p lanning and management by the  s tates  

• P l anning in terms of  p opu l a t i on g r owth , expanding urban 
deve lopment , indus trial  dive r s i f i c a t i ons , e t c ,  

• A means o f  overr iding conf l i ct ing p atterns o f  l and use and 
l ack of uniformity among g overnmental ent i t i e s  

• Exerc i s ing authority on the  l o cat i on and s i t ing o f  key 
f a c i l i t i e s  by as suming local  regul a t i ons do not unreason 
ably res trict l and us e .  

Leg i s l at ion o f  the type now under cons iderat i on would have l i t 
t l e  imp act on the energy industry unt i l  a t  l e a s t  1 9 8 0  because o f  
p r o cedures wh i ch e s s e nt i a l ly prov ide the  s t a t e s  with l e ad time o f  
a t  l e a s t  5 years to deve lop land -us e p l ans . Even then , there i s  
n o  assurance that such leg i s lat i on would enab l e  industry to develop 
adequate refin ing fac i l i t i es . 

Tradi t i onally , the United States  has p l aced primary reliance 
on the p r ivate s e ctor  for produc t i on , generation , distr ibution 
and marketing of ene rgy and energy fuel s .  This r e l i ance neces s ar i ly 
imp l i e s  t h e  avai l a b i l i t y  of land for energy - re lated fac i lities . 
Proper l and - u s e  p l anning at both the  s tate and federal levels  i s  
recognized  .as an imp ortant government a l  function .  However , such 
p l anning , in add i t i on t o  mee t ing pres ervat i on ,  cons e rva t i on 
and envi r onmenta l  g o a l s , mus t  make s p e c i f i c  provis i ons for energy 
r e l a t e d  f ac i l i t i es for b o t h  publ ic ut i l it i es and p r ivate bus ine s s . 
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C on s truc t i on Lead T ime 

Refinery equipment is , by its  natur e , large , comp lex and 
cos t ly . Even under the b e s t  of circums tances ,  it takes a long t ime 
to p lan for , des ign and construct a new proce s s  facil ity . For 
examp l e ,  the cons truct i on o f  an alkylation p l ant with known tech
n o logy and proved eng ineering takes  1 . 5  to 2 . 0  y e ar s . The lead t ime 
for a proce s s  us ing new techno l ogy can be 5 or more years when 
r e s e arch is required.  

Lead times are  b eing lengthened b y  the n e e d  t o  file  imp ac t  
s t atements , ob t ain p ermits , h o l d  pub li c  h e arings and attend t o  a l l  
t h e  comp lex admin is trative pro cedur e s  e s t ab l i s hed b y  fede ral , s t ate 
and local agenc i e s . IX is  e s t imated that the current lead t ime for 
a maj or process  faci lity is  3 t o  6 y e ar s .  

L ong lead t imes accentuate the importance o f  long - range p l an 
n ing . The l ack of a national energy p o l i cy t o  e s t ab l i s h  g o al s , s e t  
priorities  and help coordinat e the intere s ted federal , s tate 
and local agencies make s it difficult for the p etroleum indus try t o  
effect ively p lan how to sup p ly i t s  share o f  the  gr owing U . S .  energy 
needs . 

Coordination o f  Agencies D e al in g  with Ene rgy 

Prompt act i on should be t aken t o  dev e lop a comp rehens ive n a 
t i onal energy p o l i cy and a coor dinat e d ,  cons i s t ent program to 
accomp l i s h  .nat ional energy goals . The chi e f  r o l e  o f  the g overnment 
should be to e s t ab l i s h  prior i t i e s  and guidelines and to e l iminate 
the delay s , conf l i c t s  and confus i on that pre s ently preva i l  among 
the  many diff er ent federa l ,  s tate and municipal agenc ies invo lved 
in ene rgy matters . 

1 8 4  



Appendices 



APPENDIX A 
Request Letter 



UN ITED STATES DEPARTMENT OF THE I NTERIOR 
OFF I CE OF THE SECRETARY 
WASH I NGTON , D . C .  2 0 2 4 0 

February 9 ,  1 9 7 2  

Dear Mr . True : 

The increas ing dependency o f  this Nation on imported supp l i es 
o f  p e troleum ,  b oth crude and refined products , the s ources of whi ch 
vary cons iderab ly in reliab i l ity , i s  a c aus e for s e r ious concern . 
At the s ame t ime the Un i te d  S t ates app e ars to b e  increas ing its  de 
p endence on refining facilities  and cap ab i l i t ies located outs ide 
th is country . Th i s  growing proport i on o f  foreign manufac tured p e tro
leum p roducts wh ich are necess ary for the e conomic we l l - b e ing and 
s e curity of this Nation is also  a matter of increas ing concern . 

I th erefore reque s t  that the C ounc il unde rtake , as a matter o f  
urgency , a s urvey o f  the factors - - e c onomic , governmental , technolog
i c al and environmental - -wh ich may affect the dome s t i c  refining in
dus try ' s  ab i l i ty to respond to the demands for e s s en t i al petrol eum 
pr oducts that are made up on i t .  The Coun c i l  should d i s cuss those 
e l ements wh ich are deemed e s s ential to a h e a l thy domes t i c  refin ing 
indus try . To the extent that petrol eum b e longing to other ph a s e s  
o f  petroleum s upp ly and cons ump t ion imp inge upon growth and technolog
ical c ap ab i l i t i e s  o f  the re fining s e gments , the s e  should b e  in
c luded in the ana lys is . 

Rep r e s entat ives o f  the Department of the Interior w i l l  consult 
with you in the near future t o  arrive at a de tailed outline of the 
ma tters r e l a t ive to this general reque s t .  

Mr . H .  A .  True , Jr . 
Acting Cha irman 
Nat i onal Petroleum Council  
1 6 2 5  K S tr e e t , N . W .  
Washing ton , D . C .  2 0 0 0 6  
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S incerely yours , 

/ s /  HOLL I S  M .  DOLE 
A s s i s tant Secretary of the 

I n terior 
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E .  I .  du P on t  de Nemours & 
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Randall Meyer ,  Pres i dent 
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Gene ral Manage r ,  Refineries  
She l l  Oil  Company 

ASS I STANT TO THE CHAI RMAN 
Leonard A .  G o ld s te in 
Manag e r ,  Sp ecial  Proj ects 
Manufacturing Operat i ons 

Dep artment 
Shell  O i l  Company 
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Phi l l ip s  P e t r o leum Company 
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Vi ce Pres i den t ,  Re fining 
Exxon Company , U . S . A .  
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COCHAI RHAN 
Eugene L .  Peer 
Industrial Sp ecial i s t - Refining 
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Department o f  the Interior 
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E conomics Coordinator 
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* 
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* * 
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FUNDAMENTALS OF REF I N I NG OPERATIONS AND PRODUCT USE 

PAST H I STORY OF PRODUCT USE 

The demand for petro l eum products has grown enormous ly in the 
p a s t  2 5  years in both volume and comp l ex i ty . Dur ing this per i o d ,  
demand f o r  a l l  products has increased from l e s s  than 5 MMB/D t o  
over 1 6  MMB/D in 1 9 7 2 . The most  spectacular growth has been i n  the 
us e o f  avi ation fuel s ,  where consump t ion has increased over 30 t imes 
the amount used at the end of Wo rld War I I . 

The qua l i ty o f  virtua lly a l l  p etroleum p roducts has been 
improved s i gni ficantly dur ing this p er i o d ,  r esulting in more effi 
c i ency with l e s s  polluting emi s s ions such a s  those caus ed by s u l fur . 

Petroleum products are the maj o r  source o f  energy for trans 
porta ti on and are the raw mater i a l s  for many o f  the products t hrough
out our economy.  They also  provide a sub s tantial part o f  the energy 
for the production of electrical powe r .  They p rovide the mobi l i ty 
r equi red for national s e cur ity and contribut e greatly to the e c o 
nomic welfare of our s o c i ety . 

The chi e f  factors contribu ting to the rapidly growing demand 
for  p e tro l eum are the increas ing population and the rap i d  growth in 
the demand for energy . The U . S .  p e r  cap i t a  demand for p etroleum 
products has more than doub led s ince Wo rld War I I .  

The Uni t ed States has become a nation on whee l s . Four out o f  
five workers u s e  an automob i l e  for commuting t o  and from wor k .  Over 
8 0  p e rcent o f  the vacationing pub l i c  use their own automobiles for 
transp o r ta t ion . 

Air trave l deve loped rapidly after World War I I , caus ing rapid 
gr owth in the demand for av iat ion gas o l ine . The j e t age began in 
the 1 9 5 0 ' s ,  cre�ting .a demand for an entirely new fue l . Faster and 
l arger p lanes were r equired to supp l y  the very rap idly increas ing 
d emand for air trave l . Al though Amer i cans travel more than the rest 
of the world combined, air travel in the Uni t ed S tates is  s t i l l  in 
the early s ta ges o f  growth . 

The demand for o i l s  for space h ea ting increased s harply after 
World War I I ,  chiefly b ecause of the swi tch from coal for home us e .  
I n  1 9 4 6 ,  2 . 7 m i l l ion homes i n  the United S t a t e s  were centrally hea t 
ed w i t h  o i l , increas ing to 1 1 . 2  mil l ion by 1 9 6 9 . 

The demand f o r  res idual fuel o i l s  for heating large buildings 
r o s e  s ub s tanti a l ly after World War I I  because of the large increase 
in new cons truction o f  such bui lding s . In the past few years , the 
demand for  r e s i dual fue l  o i l s  has taken a sharp increa s e  as a r esult 
of indu s t r i a l  and e l ectrical p ower p l ant u s ag e .  Nuclear power gen
eration has not deve loped as  rapidly as  p r evi ous ly antici pated , and 
c o a l  has not been ab l e  to f i l l  the increas ing demand for low- sulfur 
fue l s . Dur ing the 1 9 4 6 - 1 9 7 0  p e r i o d ,  r e s i dual  fuel o i l  experienced 
an overall growth rate o f  2 . 2  per cent per yea r . However , annua l 
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growth for this fuel increas ed 4 . 2  p ercent in 1 9 7 1  and over 8 . 9  p e r 
cent in 1 9 7 2 .  

L iquefied p e tro l eum gas (LPG)  i s  a large-vo lume product whi c h  
has experienced an over a l l  growth r a t e  s ince Wor l d  War I I  o f  approx
ima t e ly 10  percent per year and has continued at a rate of about 5 
percent per year s ince 1 9 6 0 . 

P RODUCT DEVELOPMENT - - CHARACTERI S T I CS AND I MPROVEMENTS 

Mo tor Fue l s  

Motor Gasol ine 

S ince World War I I ,  gasol ine has changed in hydrocarbon comp o 
s i tion and i s  now a prod�ct made b y  careful b l ending o f  re finery 
s to ck prepared b y  involved new pro c e s s e s  . and special  add itives d e 
veloped i n  extensi�e r e search p rograms . The mo s t  ocits tanding change 
in g a s o l ine dur ing this period has b e en a vast improvement in anti 
knock qual ity . A l t hough the p a s t  benefits enj oyed by the consumer 
i n  t erms o f  high- e fficiency , high - p er formance automob i l e s  are b e ing 
e l iminated in o rder to meet automob i l e  p o l lution regulations , t h i s  
o c tane qua l i ty not  o n l y  i s  ne eded b u t  w i l l  have t o  b e  increased t o  
supply unleaded fue l s  o f  the future . Higher .oc tanes have been ob 
tained largely b y  new refining techno logy and proces sing , inc l uding 
be tter desulfuri zat ion of gas o l ine b l ending s tock s ,  whi ch has made 
the l e ad antiknock addi tives more effective . Dur ing this same p e r i 
o d ,  the contr o l  o f  g a s o l ine volati l i ty h a s  improved, contributing 
to b e t t er eng i ne perfo rmance . 

Special  detergent or disp ersan t  addi tives are now availab l e  to 
h e lp maintain a c l ean carburetion s y s t em ,  resulting in improved en
gine p erformance , b etter m i l eage in c i ty driving , reduced carburetor 
mai ntenance and reduced exhaus t p o l lutants . 

At pres ent , there are proposed regulations l imiting the lead  
alkyl content o f  future mo tor g as o l ines . I n  addi tion , one grade o f  
unleaded g a s o l ine mus t  b e  avai l ab l e  for  pub l i c  us e b y  mid- 1 9 7 4 . 
The pr imary reason for the s e  cons iderations i s  the exp e ctation that 
low - l e ad or unl eaded fue l s  wi l l  permit operation o f  prop o s ed p o l lu
tion contr o l  sys tems o n  automob i l e s . Vo luntary action on �he p a r t  
o f  the o i l  indus try has a l re ady resul ted in gener al avai labi l i ty o f  
low- l ead and unleaded gaso line s . This  tr end w i l l  undoub tedly con
t inue , bringing about incr eas ing s upp l i e s  of thes e typ es of fuels , 
and w i l l  result in maj or inves tments for prop er process  fac i l i t i e s . 
Fur ther changes i n  mo tor fuel chara cteristics  may be required . Such 
cha racter i s tics  a s  s u l fur content , vo l a t i l i ty and b o i l ing rang e may 
require fur ther mo dificati ons t o  s a t i s fy automob i l e  p o l lution con
tro l sys tem requir ements . 

D i e s e l  Fue l s  

Like gas o l ine , d i s t i l late di e s e l  fue l s  for u s e  in automo t iv e  
d i e s e l  engines have been improved during th e pas t s everal y e a r s  t o  

2 0 2  



me e t  requi r emen ts imp o s ed by changes in engine des ign and operation.  
The mos t  s i gnifi cant change 'in diesel  fue l s  has been the use of hy 
dr o ge n  treati ng in refiner i e s , primar ily to r educe sulfur content . 
I n  add i ti on , fuel s have been gradually improved , resulting in d e 
cr eas ed eng ine depos i t s ,  smoke and odor.. Rai lroad diesel  fue l s  have 
no t changed s i gnificantly s ince the large d i e s e l  engines used in 
rai lroad s e rvi c e  operate s a t i s factori ly on fue l s  with l e s s  exacting 
specifications . 

The us e o f  additives in d i e s e l  fuel s  has b e come more common to 
provide imp rovements such as l ower pour points , i gni t ion qua l i ty and 
s torage s tab i l i ty .  Recent air p o l lution regulati ons have generated 
an incr e a s e d  i ntere s t in anti smoking addi tives . 

Other P e tr o l eum Motor Fue l s  

L P G  has b e e n  us ed a s  a mo tor fuel s ince the 1 9 2 0 ' s  i n  bus , 
truck and taxi f l e e t  operations whi ch have central s ervic ing cen
ters . The us e o f  compres s ed natural gas (CNG) and l iquefied natural 
gas (LNG)  as mo to � fue l s  is a recent devel opment proposed for urb an 
us e in s ervice veh i c l e  fl eets . 

· 

Avia ti on Fue l s  

Avi a tion Gaso line 

Qua l i ty contro l i s  parti cularly imp o r tant in aviation g a s o l ine 
produc t i o R .  An tiknock contr o l  is especially c r i t ical becaus e ,  un
l i k e  the motorist.  the p i l o t  is not ab l e  to h e ar an engine kpo ck 
over the noi"s e level . O ther impor tant qua l i ty factors are vo l a t i l 
i ty ,  fre e z ing p o int , heat o f  c ombus tion a·nd oxida t i on s tabi l i ty . 
Qual i ty contr o l  s urvei l l ance and c l o s e  process  contr o l  have enab led 
the indus try to produce a unifonn � quali ty p remium produc t .  · 

J e t  Fue l s  

C ommercial  keros ine w a s  firs t u s e d  as  a fuel i n  early deve l o p 
ment o n  j e t aircraft s ince i t  provided t h e  necess ary volati l i ty and 
was a readily avai l ab l e  commer cial  product of r a ther uni form char ac
ter i s tics . Jet fue l s  are  exp o s ed to b o th high  and low temperatures 
in use . There fore , ,thes e  fue l s  mus t  have very low fre e z ing po ints 
and mus t  be s t ab l e  when exp o s ed to high temp eratur es . The JP - 4  and 
JP - 5  mi l i tary j e t fue l s  and equ ival ent commer cial  fue l s  have thermal 
s tab i l i ty properties  s a t i s fac tory for operations up to speeds o f  
Mach 2 .  

Indus trial and Heati ng Fue l s  

L iquefied P e tr o leum Gas 

LPG has t aken on increased  impor tance dur ing the pas t few years . 
The extens i ve u s e  o f  cataly t i c  cracking and catalytic r eforming 
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proces·s es  and• the growth -in hydro cracking have resli1 ted in 'large 
qua'nti•ties  in addi tion to the production from natur a l  gas proce s s 
ing . Prior t o  the s tart o f  the tremendous growth in the use  of LPG 
in e thylene product ion , i ts maj o r  us e was in hous ehold and indus tr i 
a l  fue l ,  al though LPG has long b e en used to a l imi ted extent as a 
mo tor fue l . 

· 1 

Dis t i l l at e  Fuel Oil  

· · · : ·Dis ti llate fue l oil can be defined a s  Nos . 1 , · 2 ·and ' 4  heating 
o i l s , d i e s e l  ·o i l  and indus tri a l  dis  t i  l la·tes .  Grade No ; 2 fuel o i l  
is the des'igna tion given: to the heating or fur'nace· ' o i l  mo s ·t come 
manly used for domes t i c  and small commercial space heating . 

The period  s i nce Wor l d  War I I  has s e en marked changes in b o th 
the qua l i ty o f  home heating o i l s  and the manufactur ing techniques 
emp loyed in produc ing them . Domes t i c  heating o i l  s hould form no 
s e diment in s torage and leave no measurab l e  quant i ty o f  ash' or o ther 
dep o s i ts on burning . I t  s hould b e  fluid at s torage condi tions e·n 
countered dur ing the winter month s . The comp o s i tion of the product 
mus t  be contr o l l ed to assis t in r e duc ing smoke emis s ion . Low� sli'l fur 
content has b ecome quite important . The fue l mus t  have a light 
co l or , an a t tractive appearance and an accep tab l e  o dor . I t  is  the s e  
proper ties , a long w i th sulfur r emova l ,  which have undergone the 
greates t chang es in the p a s t  2 0  year s . 

I n  the early 1 9 5 0 ' s ,  hydr·ogen treating was adop ted as  a means 
of reducing the sulfur and ni trogen compound� con tent of d i s ti l l ate 
fuel o i l .  Through the us e o f  thi s  p r o c e s s , carbon r es idue is  r e 
duc ed t o  l e s s  than 0 . 10 p ercent . Hydrogen- treated p roducts are o f  
exc e l l ent qua l i ty from the s tandpo in t  o f  a change i n  b o th co lor and 
s l udge f orma tion dur ing s torage . 

The super i o r  processing techniques used in producing dis t i l l a te 
fuel o i l s  to"day , coupl ed with the imp rovements and devel opments in 
additives , r e sul t in a c l eaner - burning p r oduct . The reduc tion in 
sulfur has contributed to the improvement o f  air qual i ty . 

Res idual Fue l s  

Res i dual fuel o i l  can b e  defined a s  No s .  5 and 6 heating o i l s ,. 
he avy dies e l , heavy industrial and Bunker C fuel o i l s . Typ i cal l y , 
the s e  •fue l s  are used to provide s te am and hea t for indus try and 
l arge buildings , tO g ene·ra te e l e c tr i·c i ty a:nd to p ower ship s . 

S ince Wor l d  War I I ,  refining p r o ce s s e s  in the United States 
have continued to favor the breaking up o f  the heavier r e s i duum into 
l i ghter p e tr o l eum products unti l r e s i dual fue l amounts to l e s s  than 
8 percent of the crude refined . 

Methods o f  desulfur i z ing low me tal- content r e s i dual o i ls have 
b een developed and are being uti l i ze d  as  s tr ingent air p o l lution 
r e gul ations b ecome mor e  widespread . The o i l  i ndus try and b o i l e r  
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manufacturers have s tepp ed up their res earc.h. and d�v�:lopment e fforts 
cons i derably ·in the areas o f  desul£uri2 ing high me�a l - content fu�l 
oj l and s tack gas .desulfuri zation . 

O ther P e trol eum P ro ducts 

P e tr ochemical Feedsto c ks 

P e trochemica1 f e eds tock s , s uch as  b en z ene , toluene ,  xYlene , 
e.than.e · and propane , are  us ed.  ·in such diver s e  products .as ·synthetic  
r,ubb er , s ynthet;i c fib ers and p lastics . Tr.emendous growth . in  the 
petrochemi cal i ndus try over the las t 1 0  years . has resulteci in many 
new and improved l! S e s  for p e trochemical s .  

:Lub r i cants 

Lubr.i cants fall g enerally into thr e e  ca.tegories : automp.ti;e:. 
o i l s , . .  indus tria l  o i l s  and greas es . Engine o i l s ,  g.e ar o i l  and auto
ma t i c  trans·mi s s ion f lu i ds are thre e  maj or ,lubr i'catio n , products us.ed 
in automo tive operat.ions . The s e  produc ts functton to lubricate,;  
s e a l , coo l ,  c l e an ,  pro t.ec t  and cus hi on . I ndus tr.ia l  o i l s are fo:Fmu
l a ted to perfo rm .a· broad r ange o f  functions under a var i e ty o f  ·op.er
a ting condi ti ons . The maj o r  func tions ·provided inc lude lubr i c:at ion, 
friction modi fication,  heat trans fer , disper sancy and . rus t preven 
t i o n .  Greases are bas i cally  g e l s  and are comp o s ed o f  lubricat ing 
o il in a s emirigid network of g e l l ing agents such as. s oaps , cl ays 
and more recently, totally o rganic subs tan.ces . 

Pe tro leum So lvents 
' . .  

A var i e ty o f  petroleum s o lvents are produced,  and critical  
sp ecifications are  -largely a func tion of: th,e . end-pro.duct use . For 
exampl e , . :  rigid specifications are required fo.r petroleum so lve.nts  
used  i n  th,e p a.int indus try . Thes e  products ·mus t  contain no mq_te:"· 
r i a l s  that would discolor  p i gment s . They mus t  p o ssess. low odor: . .for 
interior paints . Contr o l  devices make i t  p o s s ib l e  to maintain con
s i s tent produc t qua l i ty even under the mo s t  rigid  specifications . 

Asphalt 
. ,,.· 

The heavi es t .fractions o f  a gr eat many cru.de o i l.s .. include 
na tur<J.l· bitumens ··· or <1sphal tenes and are· · gen.e:r:ally  call�d ··as,phal t .  
Actually this ma terial i s  the o l de s t  product o f  petroleum and has 
b e en . used throug.hout r ecorded his tory . Howeve r ;  new · u s e s  . and new 
.demands for aspha l t · are con·tinually b eing deve loped ; The indus try 
has ·s atis fied the s e  demands by changing pr.oces s i n.g and typ es ,o f, .  
crudes and by improving s torage , transportation and b l e nding fac i l 
i t i e s . 
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A CRUDE O I L  REFINERY* 

Crude o i l  is a sub s tance comp r i s e d  of a very comp l ex mixture 
of hydrocarbons , whi ch are mo l ecul e s  cons i s ting almo s t  s o l ely o f  
c arbon and hydr ogen a toms i n  various arrangements . Crude o i l  con
tains thous ands of diff erent mo l ecul es of vary ing s i zes , their s i z e 
b e ing determined by the numb er o f  c arbon and hydrogen a toms aggre
gated together . As a result of the di fferent s i zes  and configur a 
tions , the mo l e cules b o i l  a t  different temp eratur e s . I t  can b e  as 
s umed that mo s t  of the molecules  b o i l  b e twe en l 0 0 ° F  and s omething 
i n  exc e s s  o f  1 , 5 0 0 ° F .  Due to the comp l exi ty o f  the hydrocar·bon 
mixtur e s ,  o nly a few of the sma l ler , lower b o i l ing molecu l e s  are 
named . 

Paraffinic type crude o i l  i s  g eneral ly o f  high 0AP I gravity 
and low i n  s u lfur content and contains a l e s s er amount o f  o ther 
contaminants such as  meta l s  and ni trogen . The s tr aigh t - run gas o l ine 
derived from this type of crude o i l  i s  low in o c tane qua l i ty .  The 
naphtha fraction is a p o or reformer charge s tock but an exc e l l ent 
SNG feeds tock and crack ing s tock for o l e fins . The h eavy naphtha 
and kerosine fractions g ive prob lems in me eting pro duct freeze  po int 
s p e c i f i ca t ions , and the di e s e l  fuel £ractions have prob l ems in meet
ing p our point specifications . The r e s idual fue l  o i l s  a l s o  have 
high p our po ints , and the asph a l t  qua l i ty is o ften p o or . Howev e r ,  
the he avy naphtha and ker o s i ne have good smoke point character i s tics , 
and the heavy naphtha , keros ine and l i gh t  gas o i l  have high cetane 
indice s . The vo lumes o f  r e s iduals are l ow and often can be cracked 
wi thout too much p e na l ty . 

The phys i cal properties o f  naphthenic crude o i l s  v ary widely 
b e tween different producing fi elds . They are genera l ly o f  l ow 0AP I  
gravi ty , may b e  e i ther high o r  low i n  sulfur conten t ,  and are o f t en 
high in nitrogen and me tal s .  The s traigh t - run gas o l ines from this 
s ource are h igher in o c tane but often of l e s s er volume . The naphtha 
is excel lent reforming charge s tock . The heavy naph tha has a p oor 
smoke point and cetane index , and s hould be reformed . The keros ine 
and l i ght gas  o i l s  have very poor  c e tane indi ces and are not sui t 
ab l e  for dome s t i c  d i s t i l l a t� s . P our p o ints and fre e ze p o ints o f  
thi� l a t ter fraction are v ery low . The res idual fuel o i l  may b e  o f  
high o r  l ow volume , high o r  l ow sulfur content and , high  i n  meta l 
conten t .  The meta l s  are corr o s iv e  t o  b o i l er tubes , and the u s e  of 
h i gh - sulfur fue l  o i l s  is  becoming mo r e  r e s trictive . The s e  crudes 
are the source of nap h thenic lub r i ca t ing o i l s , and their aspha l t  
qua l i ty i s  o ften goo d .  

I ntermediate typ e crude o i l s  are , as their name imp l ie s ,  s ome 
where in b e tween the paraffinic and naphthenic typ e crude s .  Thes e  
crudes g enera l ly w i l l  f a l l  i n  the medium to high  grav i ty range . 
Sul fur content may fall  b e tween 0 . 1  and 2 . 5  weigh t - p erc ent sulfur . 
The dis t i l late  from these crudes generally has pour point and c etane 
index char acter i s ti c s  suitab l e  for burning o i l  and d i e s e l  fue l . 
F i gure 2 7  i l lus trates the differences b e tween a typ i c al intermediate 
crude o i l  and a typ i ca l  naphthenic crude o i l . 

* Terms used  in this s e c t i on are defined in the G l o s s ary . 
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CRUDE ROSTAM SAN ARDO REMARKS 

Gravity (OAPI) 38 13 
Sulfur (wt. %) 1.5 2.0 

LIQUID VOLUME % TyP' Intermediate Naphthenic 

Gasoline (60·4000f) 
Octane 69.1 79.3 
Naphthenes 20% 74% 

San.Ardo gasoline i_s only 3 percent Aromatics 16% 12% 
Reid Vapor Pressure 4.9 1.0 of crude and ,high in sulfur Content. 

GASOLINE 
Sulfur (wt. %) 0.0!.) 0.33' 

Kerosine (400-5000! 
Gravity (OAPI) 42 31 
ViscositY @ 100°F 33SUS 35SUS 
Sulfur (wt. %) 0.30 0.57 

Stove Oil (400-5500) 
KI:;ROSINE Gravity (OAPJ) 40 29 

Visc;:osity @ 10QOf 35SUS 43SUS Sim Ardo distillate is not salable 
Sulfur (wt. %) 0.47 0.76 due to failure to meet·0API, sulfur STOVE PIL Pour Point -27°F -45°F and cetane specifications because of 

the naphthenic nature of the crude. 

DIESEL Diesel Base (500·6500) 

BASE Gravity (OAPI) 36 26 
Pour Point +25°f -25�F 
Cetane 53,5 41.5 
Sulfur (wt. %) 0.92 1.01 
ViscoSity @ toooF 39 SUS 54 SUS 

TOPPED 
CRUDE Topped Crude (6500F-t:) 

Gravity (OAPJ) 16 9 
Sulfur (wt. %) 3.3 2.2 
Viscosity @ 122Df 99SFS 1800 SFS 
Pour Point 70°f 80°F 

F i gure 2 7 .  Crud e  O i l  Charact e r i s t i c s . 

In addi t i on to the paraffini c ,  naphthen i c  and intermedi a t e  
typ es o f  crude o i l s  a l ready dis cus s e d ,  there exi s t  many comb i n at i ons 
o f  these crudes . The Bureau o f  Mines categor i z e s  o i l s  in the fo l 
lowing c l as s i fic ati ons : 

• Paraffin " - P araffin 

• Paraffin- - I ntermediate 

• Paraffin- - Naphth eni c 

• I ntermediate - - Paraffin 

• I nt ermedi a t e - - I nt ermediate 

• Intermedia t e - - Naphthen i c  

• Naphthene - - I ntermediate 

• Naphthene- - Paraffin . 

Crude o i l s  are a l s o  c l a s s ified a s  low - sulfur content (b e l ow 
0 . 5  weight-percent s u l fur ) , intermediate - sulfur c on tent (betweefi 
0 . 5  and 1 . 0  weight-percent sulfur ) and high- sulfur content (over 
1 . 0  weight - percent sulfur ) . I n  genera l , the definition of a sweet 
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crude o i l  i s  one that does not  contain hydrogen sul fide and has 
b e l ow 0 . 5 weigh t - p erc ent sulfur content , with only a minor portion 
o f  the sulfur content b e i ng pres ent as  mercaptans . Mercaptans 
( s ul fur compounds ) are one of the mo s t  unde s i rab le c ontaminant s 
o f  crude o i l  and petroleum products . 

Each refinery proce s s es a different mixture o f  crude o i ls , and 
over a period of time a proces s i_ng s equence has . . b een deve loped which 
converts the s e  particular crude o i l s  into the products r equired by 
consumers in the marketing area s erve d .  Ther·efore , it i s  no t mean
ingful to attemp t to describe the op eration o f :an " average" refinery . 
The f o l l owing d i s cu s s i on u s e s  instead a s imple -·example r efinery for 
its i l lustrat ive purp o s e s .  F i gure 2 8  graph�cally s ho�s the flo• 
within the examp l e  refinery . • 

When the crude o i l  i s  charged i nto this ref inery , the firs t 
proces s·ing equipment i t  reaches i s  cal led a crude o i l  dis t i l lation 
uni t .  The purp o s e  of the crude unit is  to  separate the crude o i l  
into a t  least  four di fferent b o i ling range fractions . The first  
fr action contains the lower b o i l ing ma�erials arid i s  termed s traight
run g a s o l ine . This •�ower b o i l ing fr action i s  then fur ther proce s s ed 
into a finished g a s o l ine b l end s tock . The next fraction b o i l s  b e 
tween 4 0 0 ° F  and 6 5 0 ° F  and i s  cal led the s traight- run di s t i l late 
fraction . Thi s d i s ti l l a t e  fraction i s  the mater i a l  that i s  primar i l y  
s o l d  as  keros ine , j e t fue l , heating dil  (No . 1 and No . 2 fue l o i l ) , 
and diesel  fue l .  

The next heavier frac t i on , whi c h  b o i l s  b e tween 6 5 0 ° F  and 8 5 0 ° F ,  
i s  c a l l ed the gas  o i l  fracti o n .  I t  i s  somewhat difficu l t  t o  define 
gas o i l , excep t to s ay t'h.a t  it i s  usually ·the. mater i a l- that i s  heav
ier than the di(s t irlate frac t i on and i s' not ' a b i a ck r e s i dual fue l· 
o i l .  There i� bo c6nsumer market for gas o i l . S ince i t  i s  too high 
b o i l ing to b e  s'ol d · as di's t i l late  . ;md too vaiuab l e  to b e  s o ld •  as r e 
s.i du a l  fuel o i l', ii: i s  necess ary t o  conver t ' this fraction into s ome 
thing that can b e  uti l i zed in the marke,tplace . To accomp l i s h  t h i s  
the mo lecules  are-_· cr acked (mo l e cularly rup tured) into smaller - s i z e 
�o l e cu l es b o i l ing ,jn t he g a s o l ine and No . 2 fuel o i l  b o i l ing range . 
The heavi e s t  fraction from the crude uni t i s  usually referred to as  
the residuum . This include s mater i a l s  that b o i l  a t  8 5 0 ° F  to the 
heav � e s t  mater ial  in the barrel of crude , which b o i l s  at temperatures 
in eicess of l , S 0 0 ° F .  

After the crude has been s eparated into the s e  four fr actions , 
each fraction i s  ftirtheY p r o ce s s ed t o  y i e ld a �ro dtict s late tha t 
can b e  accommodated in the marke t .  The actual refined p roduct d i s 
tr ibution var ie?  cons iderab ly , dep ending upon the exact nature o f  
the crude - � i l  that i s  ava i l ab l e  and the demands i n  the m�rketing 
area surrounding the refinery . · 

. ,  
Many years ago , the s t r a i gh t - run gas o line frac t i on was us e d  

directl y  a s  automo t i ve gas o l in e . T e chno logical  deve lopments have 
now made this material  uns uitab l e  for  modern day engines . Today , 
i t  i s  necess ary t o  process  the s trai ght - run gas o l ine by mo lecular 
re arrangement and by making certain changes in the mo lecules that 
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wi l l  increase the o c tane number . This i s  usual ly accomp l i shed by 
s ending the s traight- run gasol ine to a fractionator and s eparating 
i t  into two fract i ons . The l ower b o i l ing fraction , . b o i l ing b etwe en 
l O O " F  and Z O O " F ,  i s  called l i ght , s traight- run gasol ine and has 
ordinarily gone directly into automotive g a s o l ine . Al though the 
oc tane numb er is not extreme ly high , l ight , s traigh t - run gasoline 
can b e  included i n  finished gasoline . Howeve r ,  under proposed  rio 
l ead regUlations , addi tional process ing will  b e  �equired to incr eas e 
the c l ear (no l e ad)  o c tane rat ing of the s tr�ight- run gasol ine . 

The remaining por tion o f  the s traight- run g�s o l ine b o i l ing b e 
tween Z O O " F  and 4 0 0 " F  i s  s ent t o  a cataly t i c  r e former . The cati lyt� c 
re former uses  a very expens ive cata1y s t  containing p l atinum . The 
he avy g as o l ine is firs t mixed with hydrogen and the temperature in
creased to  over 9 0 0 " F .  When it .is passed  over the p latinum cataly s t , 
hydro gen i s . removed from s ome o f  the compounds , greatly increasing 
the o c tane number . When performing thi s operation , s ome of the 
mo l e cules rup tur e ,  p-roduc ing propane and butane which are then s o ld 
as l ique fied pe tro leum gases . On a l ead- free b a s i s , the usual r ange 
of res earch o ctane nurn,b er s · in gas o l ine r esul ting from this proce s s  
i s  9 0  to 1 0 0 .  Once the p l a tinum catalyst has b een u s ed for a con
s i derab l e  l ength of t ime , it b ecomes economi cally unus a·ble  and mus t  
b e  r e j uvenated o r  rep laced . 

The next heavier fr�ction from the crude s ti l l  i s  . the disti l l ate 
fr action . Ordinarily , the . d i s t i l lates are trea ted to im�rove co l o r  
s tab i l i ty and r educe the sulfur con.tent t o  very low leve l s . The 
process  whereby this treatment i s  accomp l ished is call ed . hydrode s u l 
furi zation . This proce s s  cons i s ts o f  mixing hyd.roge'n with the 
d i s t i l l a te at an e l evated temp erature of b e tween 6 0 0 " F . and 7 0 0 " F ,  
then p a s s ing the hydrogen - d i s ti l la t e  mixture over a cataly s t  con
ta ining the metals cpb a l t  and mo lyb denum . The sulfur conta ined in 
the d i s t i l late reacts with the hydro gen to form hydrogen sul fide 
gas . This gas i s  then co l l ected with various o ther re finery gases  
and s ent to a c entra1 uni t where the sulfur is  r emoved as e l emen t a l  
s ulfur . · This e iemental sulfur i s  a b a s i c  r aw mater i a l  used i n  many 
industrial app l i c ati ons . The treated d i s t i l lates are fractionated 
to specifi,cations for space heating o i l , indus trial heating oil and 
d i e s e l  fu�l . 

Gas o i l ,  the riext hi gher b o i l ing range fract io n  from the crude 
s ti l l ,  is  conver ted into marke tab l e  products by processing in a 
uni t cal led a catalytic crack ing uni t .  The cata1ys t  used in mos t  
ins tall_ations is  a finely divided material that has a cons i s tency 
s imi lar to that o f  fine s and . I t  is generally  comp o s ed of s i l i c a  
and a1vmina , the p r incipal components o f  natur a l ly o c curring clay . 
The newer cataly s t  us ed today i s  modified into p ar t i cular crys tal 
l ine s tructures , greatly enhancing the value o f  the catalys t  to a 
refiner by improving the yields  o f  g a s o l ine , which in turn incr e a s e s  
the value o f  the total products from the catalytic cr acking uni t . 
The obj ec tive o f  this uni t i s  to reduce the mo l e cular s i ze o f  the 
gas o i l  by rup turing or cracking the mo lecules  and thereby lowering 
thei r  b o i l ing p o i nts i nt o  the gas o l ine and d i s t i l l ate b o i l ing rang e . 
The gasol ine from the catalytic cracking unit goes  directly to the 
mo tor g a s o l ine p o o l  and has an oc tane numb er - - b e tween 8 8  and 94 on 
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a tetraethyl l e ad- free basis . In this proces s ,  there i s  also p ro 
duce d  a cons i derabl e  amount o f  fuel gas that can b e  used  as re finery 
fue l and a rather large volume o f  p rop ane and butane fracti ons which 
a l s o  contain the olefins propy lene and buty l en e .  

Olefins are mo lecules from which a part o f  the hydrogen has 
b een r emoved . The s e  o l efins are reacted with i s obutane (a  four 
carbon mo l ecul e  where the carbon a toms are not  in a s traight l ine 
but are what is termed "branched hydro c arbons " ) . Th is i s cibutane . 
may b e  made t o  react with hydrogen deficient mo l ecul e s  o f  buty lene 
to make i s ooc tane , or with propylene t o  make i s ohep t ane s . The isp
p araffin mixture processed  from thi s  r eaction i s  termed �lkyl a t e  
and i s  used  f o r  b l ending pr emium gas o l ine . I t  h a s  a l s o  been u s e d  
f o r  many years a s  the principal high o c tane component o f  aviation 
g a s o l ine s . The o c tane n·umb er o f  the �lkylate  usually ranges from 
9 2  to 9 5  wi th no tetraethyl l e ad . 

· 

N o t  al l o f  the gas o i l  is  converted into g a s o l ine and alky l - ·  
atioli unit feed in the fluid c ataly tic  cracker . Part o f  the gas  
o i l  feed is  only �educed in b o il ing r ange tci  a r ange comparab l e  to 
that o f .  the d i s t i l late  fraction from the crude o i l ,  and this mate 
rial  is  the · p r incipal base  s to ck for No . 2 heating o i l . A sma l l  
afuount o f  very heavy fuel o i l  i s  m�de , whi�h i s  a dis til late fue l , 
but thi s  i s  usua l ly b l ended in with res idual typ e fuel o i l  for s al e .  

The fourth and highe s t  b o i l ing frac tion from the crude o i l - 
topped crude- - i s proce s s ed in s everal different ways , dep ending 
upo n  geographic  l ocation of the refinery and the market demands o f  
the area . Thi s extremely h i gh b o i l ing frac tion o f  the crude o i l  
can b e  further processed through a vacuum di s t i l l ation uni t .  The 
purp o s e  of the vacuum unit is to al l ow vapori zation o f  more of the 
heavier gas  o i l  mo l e cules from the crude r e s i due wi thout thermal 
d i s integration of the mo lecul e s . The hydrocarbons vap ori zed can be 
included in the fluid catalytic cracker as add i ti onal gas oil feed
s tock . The heavier res i dual b o t toms can b e  further processed into 
various k inds of fuel o i l , p rimar i ly No . 6 or b unker fuel o i l ,  and/ 
or asphal t .  The r e s idua l b o t toms may also  b e  coked , producing add i 
t i o na l  g a s o l ine , d i s t i l lates  and s o l id petroleum coke . 

The r e finery described above i s  o f  the s imp l e s t  form . Many 
s p ec i a l ty p ro duc ts - - such a s  s o lvents - - can be made in a r efinery . 
Special  p r o c e s s ing can b e  p e rformed to recover a var i e ty o f  aromat
i c s , i nc luding b en z ene , to luene and xylenes , for which there is a 
demand i n  the p e trochemical markets . Typ ical b o i l ing ranges for 
the maj o r  p e tro l eum products are s hown in Fi gure 2 9 . 

Several g a s o l ine s treams o f  varying qua l i ty c an b e  produce d  
from t h i s  refi nery whi ch can b e  b l ended i n  various propor tions for 
making the different grades o f  gas o l ine and achi eving des irab l e  
charac t er i s t i c s  i n  each o f  the marke table grade s . 

Each p e trol eum refinery proces s e s  a d i fferent typ e o f  crude 
o i l ,  and each r efinery uses  different amounts and typ es of conver
s io n  uni t s . The convers i o n  uni ts are  des i gned on the b a s i s  o f  con
ver t ing the particular hydro carbons in the ava i l able  crude oil to 
the volume and typ e o f  products required by the consumer . 
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TABLE 50 

HISTORICAL REFINING CAPACITY DATA-TOTAL UNITED STATES 

Beginning 
No. of Operating Shutdown Capacity Additions Grassroots Operating_ Capacity Total Additions 

Refineries (Bbls/Day) Bbls/Day % No. Bbls/Day % No. Bbls/Da"� % N2:. Bbls/Day % 
1962 287 9,793,748* . 292,899 3.0 64 21 1 , 1 1 9  2.2 4 26,500 .3 . 68 237,619 2.4 
1 963 287 9,814,791 303,530 3.1 61 233,775 2.4 3 142,100 1 .4  64 375,875 3.8 
1 964 282 1 0,063,164 322,21 0  3.2 54 357,731 3.6 6 1 97,950 2.0 60 555,681 5.6 
1965 273 10,161,311  61 3,284 6.0 56 1 39,596 1.4 1 700 .0 57 140,296 1.4 
1966 267 10,171 , 1 59 321,580 3.2 82 428,663 4.2 1 1 ,000 .0 83 429,663 4.2 
1 967 260 1 0,41 2,447 347, 160 3.3 91 665,313 6.4 12 202,250 1 .9 103 867,563 8.3 
1968 270 1 1 ,1 72,694 360,1 60 3.2 88 492,114 4.4 1 800 .0 89 492,914 . 4.4 
1 969 264 1 1 ,575,829 1 63,680 1 .4 73 412,146 3.6 1 89,000 .8 74 501,146 4.3 
1970 262 1 1 ,882,393 1 91 ,930 1.6 81 814,149 6.9 3 280,000 2.4 84 1 ,094,149 9.2 
1971 253 1 2,658,248 361,730 2.9 54 418;250 3.3 5 272,500 2.2 59 690,750 5.5 

10-Yr. Summaryt 9,793,748 704 4,172,856 42.7 38 1,212,800 12.4 .742 5,385,656 55.0 

Compounded" Annual 
Rate of Increase or (Decrease) 3.6 1 .2 4.5 

N I ,...., Capacity Lost 
"' Through Ending Total or Partial Capacity Lost Other Declines Net Increase Operating Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Capacity 

No. Bbls/Day % No. Bbls/Day % No. Bbls{Day % No. Bbls/Day % Bbls/Day % (Bbls/Day) 

1962 5 57,300 .6 3 1 0,250 . 1  31 1 49,026 1 .5 39 21 6,576 2.2 2 1 ,043 .2 9,814,791 
1963 8 49,900 .5 1 1 ; 1 00 .a 2 1  76;502 .8 30 1 27,502 1 .3 248,373 2.5 1 0,063,164 
1 964 1 4  1 1 3,044 1 . 1  9 273,280 2.7 28 71,210 .7 51 457,534 4.5 98,147 1 .0 10,161,311  
1 965 4 44,300 .4 2 7,000 . 1  1 9  79,148 .8 25 1 30,448 1 .3 9,848 .1  10,1 7 1 ,159 
1966 6 57,200 .6 2 40;500 .4 21 90,675 .9 29 1 88,375 1.9 241 ,288 2.4 10,41 2,447 
1 967 2 3,500 .0 2 80,400 .8 1 8  23,4 1 6  .2 22 107,316 1.0 760,247 7.3 1 1 , 1 72,694 
1 968 1 0  46,650 .3 1 2,000 .0 1 9  41,129 .4 30 89,779 .7 403,135 3.6 1 1 ,575,829 
1 969 6 40,600 .4 1 20,600 .2 22 1 33,382 1.2 29 194,582 1.7 306,564 2.7 1 1 ,882,393 
1970 1 1  · 1 02,300 .9 2 1 20,900 . 1  1 8  95,094 .8 31 318,294 2.7 775,855 6.5 12,658,248 
1971 7 . 58,300 .5 1 72,000 .6 29 1 83,880 1 .4 37 314,180 2.5 376,570 3.0 1 3,034,818 

1 0-Y r. 
Summaryt 73 .573,094 5.9 24 628,030 6.4 226 943,462 9.6 323 2,144,586 21.8 3,241,070 33.1 13,034,818 

Compounded Annual 
Rate of Increase or (Decrease) .5 .6 .9 2.0 2.9 

""1/1/62 capacity later revised by Bureau of Mines to 9, 812, 248-B/0. 
t 10·Year Summary percentages are based on 1962 beginning operating capacity. 

Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States," Mineral Industries Survey, published annually. 



· l'ABLE· 51 

'HISTORICAL REFINING CAPACITY DATA-DISTRICT I 

,::,, -.: . ·. ' - . ·'· , .. Begiilning 
No. of Operating Shutd.own Capacity Additions Grassroots· Total Additions Operating Cap_acity 

Bbi�/D�Y- No. ·-:BbtS/Dav Bbts/oay Refineries IBbls/Day) % % � '% No. Bbls/Day % 

1962 �5 1 ,577,990 57,300 3.6 9 21,500 1.4 0 · 0 0 9 21,500 · 1,4 
1963 36 1,507,140 75;000 5.0 4 14A50 1.0 0 . . 0 0 '  4 14,450 ' 1�0 
1964 36 1 ,479,790 75,000' 5.0 8 "147,000 '10.0 0 0 0 8 147,000 10.0 
19'65 34 1 ,448,640 225,400 16.0 5 7,960 .5 0 0 0 5 7,960 · .5 
1966 32 1,391 ,000 143,700 10.0 7 32,300 2.3 0 0 0 7 32,300 . 2.3 
1 967 31· 1 ,409,300 1 55,700 1 1.0 ' 1 • 17;600 1.2 0 0 0 ·  7 17,600 1�2 
1 968 31' 1 ,423,100 1 26;300' 8.9 1 1  57,600 4.0 0 0 0 1 1  57,600 4.0 
1969 31 1 ,479,720 54,000 3.6 7 24;700 1 .7 0 0 0 7 24,700 1.7 
1970 31 1 ,473,220 36,000 2.4 8 30;200 ' 2.0 0 0 0 8 30,200 2.0 
1971 30' 1 ,501 ,420 0 0 7 1 33,000 . 8.9 0 _Q_ _Q_ 7 133,000 8.9 

1 0-Yr. Summary* 1 ,577,990 .- 73 . ' 486;310 30.8 0 ·  0 0· _73 486,310,. 30.8 

Compounded An·nuaf-Rate·· ' -' v ·  

of Increase or {Decrease) 2.8 2.8 
N I f-' Capacity Lost a- Through 

" T a tal or Partial Capacity Lost Other Declines Net Increase Ending 
Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Operating 

Capacity 
No. Bbls/Day % No. Bbls/Day % No. Bbls/Day % No. Bbls/Day. % Bbls/Day % IBbls/Day) 

1962 1 31 ,000 2.0 1 . 5,000 .3 5 !';6,350 3.6 7 92,350 5.9 170,850) 14.5) 1 ,507,140 
1 963 0 0 0 0 0 0 5 41;800 2.8 5 41 ,800 2.8 127,350) (1.8) . 1 ,479,790 
1 964 3 51 ,000 3.5 4 1 1 3,400 7.7 .4 1 3,750 1.0 1 1  178,150 12.0 131,1 50) 12.0)· 1 ,448;640 
1965 1 27,300 1.9 0 0 0 5 38,300 2.6 6 65,600 4.5 157,640) 14.0) · . 1,391 ,000 
1966 1 1 2,000 .9 0 0 0 4 2,000 .1 5 1 4,000 1.0 18,300 '1.3 1 ,409,300 
1 967 0 0 0 0 0 0 3 3,800 .3 3 3,800 .3 1 3,800 1.0 1 ,423,100 
1968 0 0 0 0 0 0 ., 3 - 980 .1 3 980 .1  56,620 4.0 1 ,479,720 
1969 0 0 0 0 0 0 4 31 ,200 2.1 4 .31,200 2.1 I 6,500) I .4) 1,473,220 
1970 0 0 · o 0 0 0 1 2,000 .1  1 2,000 .1 28,200 2;0 1 ,501 ,'420 
1971 _l_ 33,000 2.2 l ''72,000 4.8 3 900 .1  5 105,900 7.1 27,100 1 .8 1 ,528;520 

1 0-Yr. . ... • . ! -- � ,._ ·, 

1 9 1,dao 149,470) 13. 1 )  Summary* 7. •154,300 1 0.0 6 1 9.Q;.4oo 12.1 37 12.1 50 535,780 34.0 1 ,528,520 

Compounded Annual Rate 
of Increase or (Decrease) .9 1.15 1.15 3.0 I .3) 

* 10-Year Summary percentages are based on 1962.begii'lnin� 'OP�ratili9 �aPaCLty · 
Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States," Mineral, lndustrfes Survey, published annually. 
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TABLE 52 

HISTORICAL REFiNING CAPACITY DATA-DISTRICT II 

Beginning 
No. of Operating Shutdo.wn Capacity Additions Grassroots Operating· Capacity 

Refineries (Bbls/Day) Bbls/Day % No. Bbls/Da� % No. Bills/Day 

1962' 92 2,783,100 91,875 3.3 '30 92,295 3.3 0 0 
1 963 90 2,833,669 69,580 2.5 21 55;985 2.0 0 0 
1 964 88 2,860,154 63,400 2.2 1 8  71 ,490 2.5 1 450 
1 965 85 2,878,870 101 ,024 3.5 20 62,700 2.2 0 0 
1966 84 2,912,870 70,880 2.4 28 1 70,220 5.8 0 0 
1 967 79 2,988,515 69,560 2.3 31 200,285 6.7 1 7,500 
1 968 79 3,1 08,750 1 34,51 0  4.3 29 1 39;230 4.5 0 0 
1 969 78 . 3,21 1 ,580 55,880 1.7 25 131,033 4.1 0 0 
1970 73 3,22_6,531 76,980 2.4 29 237.149 7.3 2 250,000 
1971 70 . 3,492,670 220,980 6.3 1 3  50,520 1.5 0 0 

10-Yr. Summary* 2,783,100 244 1,210,907 43.5 4 . -25?,950 

Compounded Annual Rate � · 
of Increase or (Decrease) 3.7 

Capacity Lost 
Through 

Total or Partial Capacity Lost Other Declines 
· Refine'ry Shutdowns Through Consolidations in Capacity Total Declines 

No;.· Bbls/Day · - %  ·"No. Bbls/Day % No. 

1 962 4 26,300 .1 2 5,250 .2 7 
1963 4 1 7,900 .6 0 0 0 4 
1 964 5 28,744 1.0 2 12,880 .5 7 
1 965 1 5,000 .2 1 6,000 .2 5 
1966 4 31 ,700 1 . 1  0 0 0 7 
1 967 1 1 ,500 .1  1 80,000 2) 5 
1968 4 29,400 .1  0 0 0 4 
1969' 3 21 '1 00 .7 0 0 0 1 0  
1970 . 5 82,000 2.5 1 72;4bo 2.2 4 
1971 1 8,000 .2 0 · 0 0 1 0  - ---
10-Yr. , ; -
Summary* 32 251,644 9.0- 7 1�6,530- 6.3 64 

Compounded Annual Rate 
of Increase or (Decrease) .85 .5 ; : :·· -� 

' . 
. -' -.•. ·• 

* 1 0-Year Summary percentages are based on 1962 beginnirig Operating capacity. 

Bbls/Day. % No. 

10,176 .4 13 
1 1 ,600 .4 8 
1 1  ,6o'o .4 14 
1 7,700' . .6 7 
62,875 . 2.2 1 1  

6,050 .2 7 
7,000 .2 8 

94,982 3.0 1 3  
66,610 2.1 1 0  
65,100 1 .9 1 1  

358,993, . . 12.7 102 

1.2 

'.' ·- . 

Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States," Mineral lnduit'ries Si.u.Yey, published annually. 

Bbls/Day % 

41 ,726 1.5 
29,500 1.0 
53,224 1.9 
28,700 1.0 
94,575 3.3 
87,550 2.9 
36,400 1.2 

1 16,082 3.6 
221,010 6.9 

73,100 2.1 --

781,867 27.9 . . .  

2.5 

Total Additions 
% No. Bbls/Day % 

0 30 92,295 3,3 
0 21 55,985 " 2.0' 
0 1 9  71 ,940 2.5 
0 20 62,700 2.2 
0 28 1 70,220 5.8 

.3 32 207,785 7.0 
0 29 1 39,230 4.5 
0 25 131,033 4:1 
7.8· 31 487,149 . 15.1 
0 1 3  50,520 L5 
9.3 . 248 1 ,468,857 52,8 

.9 . 4:34 

Net Increase Ending 
or (Decrease) Operating 

Capacity 
Bbls/Day· % (Bbls/Day) 

50,569 1.8 2,833,669 
26,485 .9 2,860,154 
18,716 . .7 2,878,870 
34,000 1.2 2,912,870 . 
75,645 2.6 . 2;988,515 

1 20,235 4.0 3,108,750 . . 
102,830 3.3 3;21 1 ,580 

1 4,951 .5 3,226,531 
266,139 8.3 -' '  3,492,670 
(22,580) .J....ll. 3;470,090 

686,990 24.7 3,470,090 

2.2 
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TABLE 53 

HISTORICAL REFINING CAPACITY DATA-DISTRICT I l l  

Beginning 
No. of Operating Shutdown Capacity Operating Capacity 

Refineries (Bbls/Day) Bbls/Day % 

1 962 86 3,561,925 125,100 3.5 
1963 87 3,588,525 142,800 4.0 
1964 85 3,752,875 . 175,300 4.7 
1 965 85 3,858,190 205,500 5.3 
1966 84 3,872,1 1 9  61,000 1.6 
1967 84 3,967,282 71 ,000 1 .8 
1 968 90 4,513,514 61 ,000 1.4 
1969 86 4,648,099 25,500 .5 
1970 86 4,825,782 55,700 1 .2 
1971 82 5,227,258 1 22,500 2.3 

10-Yr. Summary* 3,561,925 

Compounded Annuai-R<ite 
of Increase or (Decrease) _. · 

Capacity Lost 
Through 

T otcil. or Partial Capacity Lost 
Refinery Shutdowns Through Consolidations 

N�. Bbls/Day % No. Bbls/Day % 

1962 0 0 0 0 0 0 
1 963 4 32,000 .9 1 1 , 1 00 0 
1 964 1 2,000 .1  1 1 09,000 2.9 
1.965 2 12,000 · .3 0 0 0 
1 966 0 0 0 2 40,500 1 . 1  
1 967 0 0 0 0 0 0 
1968 4 1 1 .000 .2 0 0 0 
1 969 2 1 4,500 . . 3 1 20,600 .4 
1_970 4 18,300 .4 1 48,500 .1 
1971 3 8,000 .2 0 0 0 

1 0-Yr. 
Summary* 20- 97,800 2.7 6 219,700 6.2 

Compounded Annual Rate 
of Increase or (Decrease) .25 .5 

No. 

1 1  
1 9  
14 
1 6  
31 
31 
26 
25 
29 
21 

223 

No. 

1 5  
6 
8 
4 
7 
5 

1 1  
2 
7 
9 

74 

. 1 0-Year Summary percentages are based on 1962 beginning operating capa'city . 

- Additions Grassroots 
Bbls/Day % No. Bbls/Day 

75,400 2.1 3 25,000 
84,000 2.3 2 122,100 

1 02,200 2.7 2 146,000 
33,437 .9 0 0 

1 58,863 4.1 1 1 ,000 
398,978 10.1 6 1 56,000 
1 68,734 3.7 0 0 
21 3,083 4.6 0 0 
488,960 10.1 0 0 
1 88,830 3.6 2 161,500 

.1,912,485 53.7 1 6  611,600 

4.4 

Otlier Declines 
in Capacity T ota\ Declines 
Bbls/Day % No. Bbls/Day % 

73,800 2.1 1 5  73,800 2.1 
8,650 .2 1 1  41,750 1.2 

31 ,885 .9 9 142,885 3.8 
7,508 .2 6 1 9,508 .5 

24,200 .6 9 64,700 1.7 
8,746 .2 5 8,746 .2 

23,149 .5 1 6  34,149 1 .6 
300 0 5 35,400 .8 

20,684 .4 1 2  87,484 1.8 
106,830 2.0 12 1 14,830 2.2 

305,752 8.6 100 623,252 17.5 

.8 1.65 

Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States," Mineral industries Survey, published annually, 

Total Additions 
% No. Bbls/Oay % 

.7 14 1 00,400 2.8 
3.4 21 206,100 5.7 
3.9 1 6  248,200 6.6 
0 1 6  33,437 .9 
0 32 1 59,863 4.1 
3.9 37 554,978 14.0 
0 26 168,734 3.7 
0 25 21 3,083 4.6 
0 29 488,960 10.1 
3.1 23 350,330 6.7 

17c2 239 2,524,085 70.9 

1.65 5.5 

Net Increase Ending 
or (Decrease) Operating 

Capacity 
Bbls/Day % . (Bbls/Day) 

26,600 .8 3,588,525 
1 64,350 4.6 3,752,875 
1 05,315 2.8 3,858,190 

1 3,929 .4 3,872, 1 1 9  
95, 163 2.5 3,967,282 

546,232 13.8 4,513,514 
1 34,585 3.0 4,648,099 
1 77,683 3.8 4,825,782 
401,476 8.3 5,227,258 
235,500 4.5 5,462,758 

1 ,900,833 53.0 5,462,758 

4.34 



TABLE 54 

HISTORICAL REFINING CAPACITY DATA-DISTRICT IV 

Beginning 
No. of Operating Shutdown Capacity Additions Grassroots Total Additions Operating Capacity 

Refineries (Bbls/Day) Bbls/Day % � Bbls/Day % No. Bbls/Day % � Bbls/Day % 

1962 30 . 357.431 5,324 1.5 6 4,974 1.4 1 1 ,500 .4 7 6.474 1.8 
1963 31 361,705 4,850 1 .3  6 24,600 6.8 0 0 0 6 24,600 6.8 
.1964 31 384,605 3,050 .8 4 7,020 1 .8 2 6,500 1 .7 6 1 3,520 3.5 
1 965 28 385,050 1 3,600 3.5 3 2,700 .7 1 700 .2 4 3.400 .9 
1966 29 386,950 1 2,600 3.3 9 1 1 ,500 3.0 0 0 0 9 1 1 ,500 3.0 
1967 28 384,450 25,100 6.5 1 1  1 7,350 4.5 1 5,000 1.3 1 2. 22,350 5.8 
1 968 29 402;580 25,550 6.3 9 26,800 6.7 0 0 0 9 26,800 6.7 
1969 28 422,380 1 5,550 3.7 7 6,530 1.5 0 0 0 7 6,530 1.5 
1970 27 421,610 1 9,750' 4.7 6 9,990 2.4 0 0 0 6 9,990 2.4 
1971 26 425,300 8.750 2.1 3 6,900 1.6 Q 0 0 3 6,900 1.6 

-

1 0-Vr. Summary* 357.431 64 118,364 33.1 5 . 13,700 3.8 69 132,064 37.0 

Compounded Annuai-Ra.te-
of I ncrease or (Decrease) 2.9 .3 3.3 

N 
...... I Capacity Lost <D Through Ending T a tal or Partial Capacity Lost Other Declines Net I ncrease 

Refinery Shutdowns Through Consolidations in Capacity Total Declines or (Decrease) Operating 
Capacity 

� Bbls/Day % No. _Bbls/Oay % ·No. Bbls/Day .. % No. Bbls/Day % Bbls/Day % (Bbls/Day) 

1962 0 0 0 0 0 0 2 2,200 .6 2 2,200 .6 4,274 1.2 361,705 
1 963 0 0 0 0 0 · 0 2 1 .700 .5 2 1 .700 .5 22,900 6.:i 384,605 
1964 2 6,000 1 .6 1 5,000 1 .3 4 2,075 .5 7 1 3,075 3.4 445 .1 385,050 
1 965 0 0 0 0 0 0 1 1 ,500 .4 1 1,500· .4 1 ,900 .5 386,950 
1 966 1 1 3,500 3.5 0 0 0 1 500 . 1  2 14,000 3.6 (2,500) (.6) 384.450 
1967 0 0 0 1 400 .1 3 3,820 1 .0  4 4,220 1 . 1  18,1 30 4.7 402,580 
1968 1 5,000 1 .2 1 2,000 .5 0 0 0 2 7,000 1.7 1 9,800 4.9 422,380 
1969 1 5,000 1.2 0 0 0 3 2,300 .5 4 7,300 1.7 I 770) (.2) 421,610 
1970 1 1 ,000 .2 0 0 0 5 5,300 1 .3 6 6,300 1.5 (3.690) .9 425,300 
1971 .Q. __ o_ Q_ Q __ o Q_ .2. 9 550 2.2 5 9,550 2.2 (2,650) __i:Ql. 422,650 

1 0  -Yr. 
Summary* 6 30,500 8.5 3 7;400 . 2.1 26 28,945 8.-1 35 66,845 18.7 65,219 18.0 422,650 

Compounded Annual Rate 
of I ncrease or (Decrease) .8 .2 .8 1.7 1.7 

-

. 1 0-Year Summary percentages are based on 1962 beginning -operating capacity . 
Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States," Mineral fndustries .survey, published annually. 



TABLE 55 

HISTQRICAL REFINING CAPACITY DATA-DISTRICT V 

Beginnirlg 
No. of Operating Shutdown Capacity Additions Grassroots Total Additions Operating Capacity 

Refineries (Bbls/Day) Bbls/Day_ % No. Bbls/Day % No. Bbls/Day % No. Bbls/Day % 

1 962 44 1,513,302 1 3,300 0 8 1 6,950 1.1  0 0 0 8 16,950 1.1  
1963 43 1,523,752 1 1,300 .7 1 1  54,740 3.6 1 20,000 1.3 12 74,740 4,9 
1 964 42 1 ,585,740 5,460 .3 1 0  30,021 1.9 1 45,000 2.8 1 1  75,021 4,7 
1965 41 1,590,561 67,760 4.3 1 2  32,799 2,1 0 0 0 1 2  32,799 2.1 
1966 38 1 ,608,220 33,400 2,1 7 55,780 3.5 0 0 0 7 55,780 3.5 
1 967 38 1,662,900 25,800 1.6 1 1  31,100 1.9 4 33,750 2.0 1 5  64,850 3,9 
1 968 41 1 ,724,750 1 2,800 .7 13 99,750 5.8 1 800 0 1 4  100,550 5.8 
1969 41 1,814,050 12,750 .7 9 36,800 2.0. 2 89,_000 4.9 1 1  1 25,800 6.9 
1970 45 1 ,935,250 3,500 .2 9 47,850 2.5" 1 30,000 1.6 1 0  77,850 4,0 
1971 45 2,011,600 4,500 .2 1 0  39,000 1:9 3 .. 1 1  (000 5.5 1 3  150,000 7.5 

- ·. 

10�Yr. Summary* 1,513,302 100 444;790 29,4 1:i. 329,550 21.8 1 1 3  774,340 51.2 

Compounded Annual-Rate 
of Increase or (Decrease) 2:6 2,0 4.3 

N I N Capacity lost 0 Through Ending Total or Partial Capacity lost Other Declines Net I ncrease 
Refinery Shutdowns Through Consolidations in Capacity ,Total Dec!irii{S - or (Decrease) Operating 

Capacity 
No. Bbls/Day % No. Bbls/Day % No. Bbls/Day % No. · Bbls/Day"'·:. % Bbls/Day % (Bbls/Day) 

1962 0 0 0 2 6,500 .4 
.. 

2 6,500? .4 10,450 .7 1,523,752· 0 0 0 
1963 0 0 0 0 0 0 4 12,752 .8 4 12,752 ,8 61 ,988 4.1 1 ,585,740 
1 964 3 25,300 1.6 1 33,000 2.1 5 1 1 ,900 .8 9 . 70,200 4.4 4,821 .3 1 ,590,561 
1965 0 0 0 1 1 ,000 .1  4 14,140 .9 5 15,140 1.0 17,659 1.1  1 ,608,220 
1966 0 0 0 0 0 0 2 1 ,100 .1 2 1,100 .1  54,680 3.4 1 ,662,900 
1967 1 2,000 .1 0 0 0 1 1 ,000 .1  2 3,000 .2 61 ,850 3.7 1 ,724,750 
1 968· 1 1 ,250 . 1  0 0 0 1 1 0,000 .6 2 1 1 ,250 .7 89,300 5.2 1 ,814,050 
1969 0 0 0 0 0 0 3 4,600 .3 3 4,600 .3 121 ,200 6.7 1 ,935,250 
1970 1 1,000 .1 0 0 0 1 500 0 2 1 ,500 .1 76,350 3.9 2,01 1 ,600 
1971 1.. 9,300 2 Q. 0 0 ..1.. 1 ,500 _._1 4 1 0,800 .5 139,200 6.9 2,1 50,800 

10-Yr. 
Summary* 8 38,850 3.6 2 34,000 2.2 25 63,992 4.2 35 136,842 9.0 637,498 42,0 2,150,800 

Compounded Annual Rate 
of I ncrease or (Decrease) ,3 .2 .4 .85 3.6 

* 1 0-Year Summary percentages are based on 1962 beginning operating capacity. 

Source: U.S. Bureau of Mines, "Petroleum Refineries in the United States,"-MiiJeral Industries Survey, published annually. 
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FORE I GN REF I NI NG CAPA C I TY TRENDS 

The NPC non - C ommuni s t  foreign energy/ o il , requirements/ supply 
and U . S .  import proj ections provide an appropriate cont ext in which 
to r ev i ew foreign ref ining capac i ty trends - -pa s t ,  present and fu 
tur e .  Fo r purposes  o f  a s s e s s ing for eign r ef ining capacity we wil l 
consider tr end s in thr ee typ es o f  foreign r efi�er i e s . The s e  a r e  
c l a s s if i ed accord ing to principal func tion ( r e sources , market �nd 
interm ed iate r efiner i e s )  and are  expl a ined a s  fol lows : 

• Resource R efiner ies : Refiner i e s  d e s i gned to convert c rude 
to produc t s  mainly for expo r t ,  and which a re located prox i 
ma t e  to for eign crude produc ing a r ea s - -mainly the Midd l e  
East  and Venezuel a 

• Mar k e t  Refinerie s :  Ref iner i e s  des igned to supply spec ific 
market areas and l o c a t ed a t  or near large centers of  c o n 
sumption , suc h a s  Western Europ e  o r  J,apan 

• In termediate Refiner i e s : Swing or balance ref iner ies bui l t  
along t h e  transporta t io n  route between s eve�al maj b r  c rude 
supply sources  and maj o r  markets . . These ref ineries import  
all o r  mo s t  o f  their crude requirement s and export large  
produc t volumes , suc h as  ref iner i e s  a t  Aden , . Canary I s l ands , 
S ingap o r e ,  Tr inida d ,  Bahamas , Aruba , Curacao and the Virgin 
I sl and s . 

DATA BASE AND ASSUMP T IONS 

Specifical l y ,  the ba s is and the p r incipal a s sump t ions behind · 
the data are a s  fo l l ows . 

Data B a s e  

T o  provide a c on s i s t ent , cont inuous data b a s e  over the 1 9 5 0 -
1 9 7 2  p eriod , t he Oi l and Ga s Journa l ' s annual "Worldwide Refining" 
tabulat ion wa s u s ed for all no n - Communist  foreign r efinery capac - ' 
i t i e s  a s  o f  January 1 o f  the  ind icated year . All capacities a r e  
r ep o r t ed i n  t housand barrel s p e r  stream day (MB/SD) . A 95  perc ent 
op erat ing facto r wa s u s ed to co nvert vo lumes  to a s tr eam day ba s i s  
where nec e s sary ( s e e  Table  5 6 )  . 

Capa cities  s hown for 1 9 7 5  a re proj ected on a current plus 
announced ba s i s :  that i s , they are based on the Oi l and Gas 
Jo urna l 1 9 7 2  annual survey data plus all  n,ew capacity which i s  
s ch eduled f o r  comp l e t i on be fore January 1 ;  1 9 7 5 ,  under cons truction 
o r  announc e d  in the p re s s  as  o f  l a te 1 9 7 2 .  Thus , the 1 9 7 5  capacity 
proj ect ion does not  a l l o w  for any new capac ity yet to be anounced · 

o r  f o r  modi fications in pres ent announcement s , nor does it allow 
for addi t i onal capaci ty which may be needed over that shown in 
s ome areas . 

2 2 3  



"' I N 
_,. 

Western Europe 
Resource Refineries 
lntei-mediate Refineries 
Market Refineries 

Total 

Af?ica 
· 

Resource Refineries 
Intermediate Refineries 
Market Refineries 

TOtal 

Middle East 
Resource Refineries 
Intermediate Refineries 
Marke_t Refiner-ies 

Total 

Far East1 
Resource Refineries 
l nterm�diate Refineries 
Market Refineries 

Total 

·acEmriiii 
Resource Refineries 
Intermediate Refineries 
Market Refineries 

Total 

1950 
MB/SD � 

151 18.4 
668 81.6 

819 100.0 

� 1 00.0 

39 100.0 

702 84.9 
- -

_@_ __1hl 
827 100.0 

71  27.3 
- -

� . 72.7 

260 100.0 

__11. 100.0 

14 100.0 

TABLE 56 

NON-COMMUNIST FOREIGN REFINING CAPACITY 
(Start-of-Year) 

1955 1960 1965 1970 
MB/SD � MB/SD % MB/SD � MB/SD % 

369 15.7 597 15.0 1,158 15.2 2,007 14.2 
1 ,988 84.3 3,387 85.0 6,483 84.8 12,129 � 
2,357 100.0 3,984 100.0 7,641 100.0 14,136 100.0 

� 100.0 ___llQ_ 1.QQ;Q_ 502 100.0 ......I!.R 100.0 

68 100.0 1 16 100.0 502 100.0 779 100.0 

848 77.9 1 ,008 70.7 1,198 69.9 1 ,538 66.6 
120 1 1 .0 120 8.4 150 8.8 178 7.7 

_ill .J..L1 � 20.9 365 ...£U. � 25.7 

1,089 100.0 1.425 100.0 1.713 100.0 2,308 100.0 

131 27.5 156 1 3.8 156 5.6 173 3.5 
- - - - - - 100 . '2,1 

346 72.5 978 86.2 2.638 94.4 4 615 . 94.4 

477 100.0 1,134 100.0 2,794 100.0 4,888 100.0 

____[L_ . 1 00.0 237 100.0 � lQQJl � 100 0 

57 100.0 237 100.0 424 100.0 659 100.0 

1971 1972 1975 
MB/SD � MB/SD :& MB/SD '& 

2;251 14.3- . 2,460 14.8 2,568 1 1 .6 
1 3;453 85.7 14,135 85.2 1 9,662 88.4 

15,704 100.0 16,595 100.0 22,230 100.0 

� lQQ,Q 902 100.0 1 232 100.0 

853 100.0 902 100.0 1,232 100.0 

1,617 66.3 1 ,735 67.5 1 .735 58.9 
178 7.3 178 6.8 178 . . 6.0 

� _1M � � 1 033 35.1 

2,440 100.0 2,571 100.0 2,946 100.0 

173 3.0 273 4.3 326 .3.7 
285 4.9 -285 ·4.5 958 . 1 1 .0 

5,331 92.1 5.830 91.2 7 418 � 
5,789 100.0 6,388 100.0 8,702 100.0 

___lQ§_ 100.0 __lff!_, lQQ,Q � 100.0 

706 100.0 767 100.0 812 100.0 



1950 
MB/SD � 

earibbean 
Resource Refineries 135 14.9 
lnterflieidate Refineries 660 72"5 
Market Refineries __.!_!.§: 12.6 

Tcital 910 100.0 

Other Latin America 
Resource Refineries 
lnterinediate Refineries 
Market Refineries 365 1 00.0 

Total 365 100.0 

N I � N U1 Resource Refineries 
lnter.rileciiate Refineries - -

fv'!arket Refineries 340 100.0 

Total 340 100.0 

Total Non-Communist Foreign 
Resource Refineries 908 ;;:; Intermediate Refineries 81 1 
Market Refineries 1 ,855 51 ;9 

Total 3,574 100�0 

$0URCE: Oil & Gas Journal, "Worldwide Refi�ing Tabulation." 

TABLE 56 (CONT'D.) 

NON-COMMUNIST FOREIGN REFINING CAPACITY 
(Start-of-Year) 

1 955 1960 1965 1970 1971 ·1972 ]975 

MB/SD 

516 
750 

� 
1 ,330 

_§Q!. 
501 

-

__§@_ 
609 

1,495 
1,239 
3,754 

6,488 

% MB/SD 

38.8 874 
56.3 921 

___±,!!_ � 
100.0 1,985 

100.0 � 
100.0 874 

- -

100.0 � 
100.0 920 

23.0 2,038 
19.1 1 ,638 
57.9 6,999 

100.0 10,675 

� MB/SD 

44.0 1,075 
46-.4 1 ,130" 

� �  
100,0 2,542 

1 00.0 1 349 

100,0 1,349 

� -

1 00.0 __!_J_1!!_ 
100.0 1,115 

19.1 2.429 
15.3 2,438 
65.6 13,213 

1 00.0 18,080 

� MB/SD 

42.3 1 ,279 
44,5 1,621 
13.2 � 

100.0 3,393 

100.0 1 '759 

100.0 1,759 

· - -

100.0 1 ,438 

100.0 1,438 

13.4 2,990 
13.5 3,9b6 

_2:U 22,464 

100.0 29,360 

� MB/SD 

37.7 1,313 
47'8 1,910 
14.5 � 

100.0 3,736 

100.0 1 ,828 

100.0 1 ,828 

- -

.1.QQ,Q 1 ;483 

100.0 1,483 

10.2 3,103 
1 3;3 4,624' 
76.5 24,812 

·100.0 3:i;539 

� MB/SD 

35.2 1 ,341 
51.1  2,103 
13.7 � 

100.0 4,01 1 .  

!..QQ,Q 2,134 

100.0 2,_134 

- 193 
100.0 1 ,639 

100.0 1,832 

9.5 3,349 
1 4.2 5,219 � 2M,32 

100.0 35,200 

� MB/SD 

33.4 1 ,652 
52.4 2,522 
14.2 599 

-- ---

1 00.0 4,773' 

100.0 2,634 

100.0 2,634 

10.5 298 
89.5 1 ,734 

100.0 2,032 

9.5 3,7 1 3  
14.8 6,524 
75.7 35,124 

100.0 45,361 

'& 

34.6 
52.8 
12.6 

100.0' 

1 00.0 

100.0 

14.7 
85.3 

100.0 

8.2 
14.4 
77..4 

100.0 



Data on re finery ownership was ob tained from the pres s , in
dus trial  directories , annual rep orts , et c . , g iv ing equity ownership 
of refining comp anies and governmen ts in e ach o f  the . re finer i e s . 
Changes  in c ompany and ref inery ownership throughout the historical 
period  were t aken into accoun t .  

Working Assump tions 

Cons is tent with the ab ove defini tions of res ource , interme d i 
ate , and marke t refiner i e s , e ach non - C ommun i s t  fore ign ref inery 
exis t ing on January 1 ,  1 9 7 2 ,  was ass igned to one of the three c a t 
egories . As exp l ained be low , a port ion o f  main l and Europe • s · c a 
pacity is  al located to the intermediate c l a s s  a s  required to s upp ly 
S candinavia . Each refinery was kep t in i ts 1 9 7 2  category through 
out the his torical per iod . The s ame group ings  were maintained for 
the 1 9 7 5  data as we l l , but new refineries were added to e ach of the 
three c l a s s e s  as app ropr iate . 

The tables  on refinery ownership (Tab l e s  5 7  and 5 8 )  show the 
equity share of refinery c apacity owne d by " 1 0 0  percent government 
owned comp anies . "  Comp anies wh ich are partly government owne d - 
such as British Petroleum ( 5 0  percent) and C ompan ie Francaise des 
Petrels  ( 3 5  percent) - - are excluded from the "gove rnment owned" 
c l as s . 

Some o f  the specific assump t ions invo lved are b e s t  covered in 
an are a - by - area discus s ion i 

• We s t ern Europe : The Organi z a t i on for E conomic Cooperat ion 
and Development (OECD) defini t i on of We s t ern Europe ( i . e . , 
Greece and Turkey are  inc luded) is  expanded t o  include 
Yug o s l avia and the Canary I s lands . 

The Wes tern Europe an "marke t "  is  defined as . a  s ingle inte � 
gral market (except for Scandinavia) . Thus , e s s ential ly 
all  of Europ e ' s  refineries are clas s i fied as market refin 
eries , desp i te the l arge amount o f  trade i n  o i l  produc ts 
b e tween the Europ e an nations . The only refineries sp e c i f 
ically included i n  the interme diate c l as s are tho s e  o n  the 
i s l ands of S i c i ly , S ardin i a  and the Canar ies . I n  addi tion , 
however , the share o f  Europ e ' s  refineries required to s up 
ply p ro ducts for export  to the Scandinavian market was 
included in the intermediate clas s . 

• Caribbean : The C ar ibbean area includes the Central American 
mainland s outh o£ Mexi co , Antigua , Bahamas , Barbados , 
Co lumb i a , Jamaic a ,  Martini que , Nethe r l and Anti l l e s , Puerto 
Rico , Trinidad and Tobago , Vene zue l a  and the Virgin I s lands . 

• Canada : Canada ' s  "market" is  treated as  a who l e , s o  that ' 
all  o f  her refiner ies are clas s ified as marke t  refiner ies , 
with the excep t i on o f  thre e  new r e f inej i e s  in the northeas t .  
The s e  new refiner i e s - - Gulf (Nova Scotia) , Golden Eagle 

2 2 6  



1950 
MB/SD � 

Western Europe 
7 International Majors 393 48.0 
Memo: 5 U.S. International Majors 121 1 4.8 
"New Majors" (U.S. Based Companies) 6 0.7 
1 00% Government-Owned Companies 30 3.7 
All Other Companies 390 ..£,.§ 

Total 819 100.0 

� 
7 International Majors 1 2  30.8 
Memo: 5 U.S. I nternational Majors - -

"New Majors" (U.S. Based Companies) - -

100% Government-Owned Companies 23 59.0 N I All Other Companies � 10.2 N 
....., Total 39 100.0 

Middle East 
7 International Majors 662 80.1 
Memo: 5 U.S. International Majors 437 52.8 
"NeW Majors" {U.S. Based Companies) - -

1 00% Government-Owned Companies 2 0.2 
All Other CompanieS lE l9.7 

Total 827 100.0 

Far East 
7 International Majors 183 70.4 
Memo; 5 U .S. International Majors 64 24.6 
"New Majors" (U.S. Based Companies) 4 1.5 
100% Government-Owned Companies - -

All Other Companies E. .2lL.1 
Total 260 100.0 

� 
7 International Majors 9 64.3 
Memo: 5 U.S. International Majors 2 14.3 
"New Majors" {U.S. Based Companies) - -

TABLE 57 

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY AREA 

1955 
MB/SD :!!. 

1 ,427 60.5 
496 21.0 

14 0.6 
106 4.5 

__!!1Q_ 34.4 

2,357 100.0 

1 2  17.6 
- -

- -

32 47.1 
----1± 35.3 

68 100.0 

913 83.8 
545 50.0 

30 2.8 
40 3.7 

__1Q§_ __ll_ 
1 ,089 100.0 

319 66.9 
1 1 9  24.9 

8 1.7 
3 0.6 

__1__1Z_ 30.8 

477 100.0 

46 80.7 
2 3.5 
- -

(Start-of· Year) 

1960 1965 1970 1911 
MB/SD % MB/SD 

2,413 60.6 4,373 
951 23.9 1,978 

49 1.2 153 
174 4.4 553 

1 ,348 33.8 2,562 

3,984 100.0 7,641 

20 17.2 165 
2 1.7 39 
- - 3 

63 54.3 163 
____.. 28.5 ___]]_! 

1 1 6  100.0 502 

1.175 82.5 1 ,286 
685 48.1 736 

80 5.6 160 
51 3.6 1 1 1  

___l_!Q_ � ___!2§. 
1,425 100.0 1,713 

522 46.0 1 ,064 
219 19.3 564 

30 2.7 82 
5 0.4 67 

577 50.9 1,581 

1,134 100.0 2,794 

224 94.5 386 
88 37.1 215 

- - -

:!!. MB/SD 

57.3 8,150 
25.9 4,171 

2.0 486 
7.2 1,146 

33.5 4,354 

100.0 14,136 

32.9 237 
7.8 71  
0.6 8 

32.5 269 
34.0 � 

100.0 779 

75.1 1,525 
43.0 920 

9.3 194 
6.5 272 

_J!J_ � 
100.0 2,308 

38.1 1 ,473 
20.2 967 

2.9 143 
2.4 535 

56.6 2 737 

100.0 4,888 

91.0 548 
50.7 225 

- 25 

1\ MB/SD 

57.7 8,727 
29.5 4,515 

3.4 535 
8.1 1 ,387 

30.8 5,055 

100.0 15,704 

30.4 244 
9.1 81 
1.0 5 

34.6 283 
34.0 � 

100.0 853 

66.1 1 ,603 
39.9 990 

8.4 194 
1 1 .8 279 

___gz_ � 
100.0 2,440 

30.1 1 ,723 
19.8 1 ,086 
2.9 163 

1 1 .0 629 
56.0 3 274 

100.0 5,789 

83.2 594 
34.1 252 

3.8 27 

li 

55.6 
28.7 

3.4 
8.8 

32.2 

100.0 

28.6 
9.5 
0.6 

33.2 
37.6 

100.0 

65.7 
40.6 

8.0 
1 1 .4 
14.9 

100.0 

29.8 
18.8 

2.8 
10.9 
56.5 

100.0 

84.1 
35.7 

3.8 

lSZ2 1975 
MB/SD 

9,489 
4,899 

548 
1,507 
5,051 

16,595 

248 
82 

5 
322 
327 

902 

1 ,702 
1 ,069 

194 
284 

� 
2.571 

1 ,839 
1.167 

163 
908 

3,478 

6,388 

637 
270 

27 

:!!. MB/SD 

57.2 1 2,266 
29.5 5,869 

3.3 737 
9.1 2,017 

30.4 7,210 

100.0 22,230 

27.5 389 
9.1 131  
0.5 5 

35.7 486 
36.3 352 

100.0 1,232 

66.2 1,714 
41.6 1,074 

7.5 194 
1 1 . 1  502 

.J.g 536 

100.0 2,946 

28.8 2,661 
18.3 1,844 

2.6 270 
14.2 1 ,004 
54.4 4,767 

100.0 8,702 

83.1 682 
35.2 315 

3.5 27 

.li 

55.2 
26.4 

3.3 
9.1 

32.4 

100.0 

31.6 
10.6 

0.4 
39.4 
28.6 

100.0 

58.2 
36.5 

6.6 
17.0 
18.2 

100.0 

30.6 
2 1 .2 

3.1 
1 1 .5 
54.8 

100.0 

84.0 
38.8 

3.3 



1950 
MB/SD % 

Oceania (Cont'd.) 
100% Government-Owned Companies 
All Other Companies __ 5 35.7 

Total 14 100.0 

Caribbean 
7 International Majors 841 Q2.4 
Memo: 5 U.S, International Majors 530 58.2 
"Mew Majors" (U.S. Based Companies) - -

1 00% Government-Owned Companies 23 2.5 
All Other Companie's ___1§ ____hl 

Total 910 1 00.0 

Other Latin America N I 7 International Majors 54 14.8 N 
00 Memo: 5 U.S. International Majors 54 14.8 

"New Majors" (U.S. Based Corilpanies) - -

100% Government-Owned Companies 270 74.0 
All Other Companies ___.±!. __1!1. 

Total 365 100.0 

Canada 
7 International Majors 204 60.0 
Memo: 5 U.S. International Majors 175 51.5 
"New Majors" (U.S. Based Companies) - -

100% Government-Owned Colnpanies - -

All Other Companies � 40.0 

Total 340 100.0 

Total Non-Communist Foreign 
7 International Majors 2,358 66.0 
Memo: 5 U.S. International Majors 1 ,383 38.7 
"New Majors" (U.S. Based Companies) 1 0  0.3 
1 00% Government-Owned Companies 348 9.7 
All Other Companies 858 24.0 

Total 3,574 1 00.0 

SOURCE: Based on Oil and Gas Journal capacities. 

TABLE 57 ICONT'D.) 

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY AREA 
(Start-of-Year) 

1955 1960 1965 1970 1971 1972 1975 
MB/SD 

__ 1_1 

57 

1 ,254 
834 

38 
37 

__ 1 

1,330 

94 
76 

-

353 
__2i 

501 

346 
285 

17 
-

246 

609 

4,4 1 1  
2,357 

107 
571 

1 ,399 

6.488 

% MB/SD 

19.3 � 
1 00.0 237 

94.3 1 ,824 
62.7 1,212 

2.8 108 
2.8 48 

� __ 5 

1 00.0 1,985 

18.8 127 
15.2 104 

-

70.4 683 
1 0.8 ___§± 

100.0 874 

56.8 591 
46.8 518 

2.8 1 6  
- -

40.4 _ill 
100.0 920 

68.0 6,896 
36.3 3,779 

1 .6 283 
8.8 1 ,024 

21.6 2 472 

100.0 10,675 

:& MB/SD 

_&,§ �  
100.0 424 

91.9 2,190 
61.1 1 ,588 

5.4 194 
2.4 139 

___Q,;j __ 1_9 

100.0 2,542 

14.5 206 
1 1 .9 126 

- 1 
78.2 1,127 

__22_ __ 1_5 

100.0 1 ,349 

64.2 814 
56.3 597 

1 .8 32 
' 

- -

34.0 � 
100.0 1 ,115 

64.6 10,484 
35.4 5,843 

2.6. 625 
9.6 2,160 

23.2 4,81 1 

100.0 18,080 

.:& MB/SD 

_M ____l!Q 
100.0 659 

86.2 2,724 
62.5 1 ,874 

7.6 432 
5.5 187 

___Q2 ___QQ_ 
1 00.0 3,393 

15.3 183 
9.3 93 
0.1 3 

83.5 1 ,468 
___!,_)_ ___jQ§_ 
100.0 1 ,759 

73.0 999 
53.5 674 

2.9 106 
- -

24.1 � 
100.0 1 ,438 

58.0 15,839 
32.3 8,995 

3.5 1 ,397 
1 1 .9 3,877 

� 8,247 

100.0 29,360 

l\ MB/SD 

__ill)_ _Jl§. 
100.0 706 

80.3 2,867 
55.2 2,014 
12.7 640 

5.5 190 
____!& � 
1 00.0 3,736 

10.4 187 
5.3 9(j 
0.2 3 

83.4 1 ,523 
___£,Q_ _____!_!.§_ 
100.0 1,828 

69.5 1,043 
46.9 706 

7.4 107 
- -

23.1 � 
100.0 1 ,483 

53.9 16,988 
30.6 9,740 

4.8 1 ,674 
13.2 4,291 

� 9,586 

100.0 32,539 

.Th MB/SD 

__lD ___!.91. 
100.0 767 

76.7 2,953 
53.9 2,072 
17.1 785 

5.1 231 
_1_._, � 

100.0 4,011 

10.2 247 
5.3 126 
0.2 3 

83.3 1,771 
___hl � 
100.0 2,134 

70.3 1 ,246 
47.6 904 

7.2 107 
- -

� �  
100.0 1 ,832 

52.2 18,361 
29.9 10,589 

5.1 1 ,832 
13.2 5,023 
29.5 9,984 

100.0 35,200 

� MB/SD .:& 

_1M ___!_91. ..JbZ. 
100.0 812 100.0 

73.6 3,347 70.1 
51.7 2,350 49.2 
19.6 1,016 21.3 

5.8 352 7.4 
__lQ_ ____§§. ___g 
100.0 4,773 100.0 

1 1 .6 247 9.4 
5.9 126 4.8 
0.1 3 0.1 

83.0 2,239 85.0 
_22 � _2E_ 
100.0 2,634 100.0 

68.0 1 ,326 65.3 
49.3 933 45.9 

5.8 212  10.4 
- - -

� �  24.3 

100.0 2,032 100.0 

52.2 22,632 49,9 
30.1 12,642 27.9 

5.2 2.464 5.4 
14.3 6,600 14.6 

� 1 3,665 30.1 

1 00.0 45,361 100.0 
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TABLE 58 

NON-COMMUNIST FOREIGN REFINERY OWNERSHIP BY REFINERY TYPE 

]��Q 
MB/SD _& 

Resource Refineries 
7 International Majors 903 99.4 
Memo: 5 U.S. International Majors 494 54.4 
"New Majors" (U.S. Based Companies) - -

100% Government-Owned Companies - -

All Other Companies 5 _____Q,§_ 
Total 908 100.0 

Intermediate Refineries 
7 International Majors 752 92.7 
Memo: 5 U.S. Intern-ational Majors 479 59.1 
"New Majors" (U.S. Based Companies) 1 0.1 
1 00% Government-Owned Companies 5 0.6 
All Other Companies � 6.6 

Total 8 1 1  1 00.0 

Market Refineries 
• 7 International Majors 703 37.9 

Memo: 5 U.S. International Majors 410 22.1 
"New Majors" (U.S. Based Companies) 9 0.5 
100% Government-Owned Companies 343 18.5 
All Otiler Companies BOO 43.1 

Total 1,855 100.0 

Total Non-Communist Foreign 
7 International Majors 2,358 66.0 
Memo: 5 U.S. International M"ajors 1 ,383 38.7 
"New Majors" (U.S. Based Companies) 10  0.3 
100% Government-Owned Companies 348 9.7 
All Other Companies 858 24.0 

Total 3,574 1 00.0 

SOURCE: Based on Oil and Gas Journal capacities. 

(Start-of· Year) 

]955 H!6Q 
MB/SD 

1 ,384 
825 

68 

_____Q 
1.495 

1,048 
582 

2 
13  

___!Z§_ 
1 ,239 

1 ,979 
950 

37 
558 

1,180 

3,754 

4,411 
2,357 

107 
571 

1 ,399 

6,488 

.Th MB/SD 

92.6 1 ,867 
55.2 1,123 
4.5 69 
- -

� �  
1 00.0 2,038 

84.6 1 ,239 
47.0 700 

0.2 75 
1.0 19 

14.2 � 
1 00.0 1,638 

52.7 3.790 
25.3 1,956 

1.0 139 
14.9 1 ,005 
31.4 2,065 

1 00,0 6,999 

68.0 6,896 
36.3 3.779 

1 6 283 
8.8 1 ,024 

21 .6 2,472 

100.0 10,675 

1& 

91.6 
55.1 
3.4 
-

___Q,Q 
1 00.0 

75.6 
42.7 
4.6 
1.2 

� 
1 00.0 

54.1 
27.9 
2.0 

14.4 
29.5 

100.0 

64.6 
35.4 
2.6 
9.6 

23.2 

100.0 

19§5 
MB/SD 1& 

2,234 92.0 
1,415 58.3 

152 6.2 
- -

� � 
2.429 100.0 

1,617 66.3 
1,001 41.1 

127 5.2 
96 4.0 

� 24.5 

2.438 100.0 

6,633 50.2 
3.427 25.9 

346 2.6 
2,064 15.6 
4,170 31.6 

13,213 100.0 

10,484 58.0 
5,843 32.3 

625 3.5 
2,160 1 1 .9 
4,8 1 1  26.6 

18,080 100.0 

197Q 
MB/SD .1& 

2,542 85.0 
1 ,724 57.7 

191 6.4 
1 1 0  3.7 

_ill ___±,g 
2,990 100.0 

2,175 55.7 
1 ,344 34.4 

359 9.2 
109 2.8 

1 ,263 32.3 

3,906 100.0 

1 1 ,122 49.5 
5,927 26.4 

847 3.8 
3,658 16.3 
6,837 30.4 

22_464 100.0 

15 ,839 53.9 
8,995 30.6 
1 ,397 4.8 
3,877 13.2 
8,247 28.1 

29,360 100.0 

1971 ]972 1975 
MB/SD 

2,640 
1,822 

191 
1 10  

� 
3,103 

2,506 
1_499 

548 
1 13  

1,457 

4,624 

1 1 ,842 
6_419 

935 
4,068 
7,967 

24,812 

16,988 
9,740 
1,674 
4,291 
9,586 

32,539 

1& MB/SD � MB/SD 

85.1 2,764 82.5 2,954 
58.7 1,904 56.9 2,094 

6.2 194 5.8 194 
3.5 210 6.3 384 

_g __lj!1_ ______M ___liD 
1 00.0 3,349 100.0 3,713 

54.2 2,624 50,3 3,274 
32.4 1 ,600 30.7 2,068 
1 1 .9 738 14.1 1 ' 1 18  
2.4 125 2_4 121  

31.5 1 ,732 33.2 2,011 

100.0 5,219 100.0 6,524 

47.7 1 2,973 48.7 16.404 
25.9 7,085 26.6 8,773 

3.8 900 3.4 1,152 
16.4 . 4,688 17.6 6,095 
32.1 8,071 30.3 1 1 ,473 

1 00.0 26,632 1 00.0 35,124 

52.2 18,361 52.2 22,632 
29.9 10,589 30.1 12,935 
5.1 1 ,832 5.2 2_464 

13.2 5,023 14.3 6,600 
29.5 9,984 28.3 13,665 

1 00.0 35,200 1 00.0 45,361 

% 

79.6 
56_4 

5.2 
10.3 

-.1J!. 
100.0 

50.2 
31.7 
17.1 
1.9 

30.8 

1 00.0 

46.7 
25.0 
3.3 

17.3 
32.7 

100.0 

49.9 
28.5 
5.4 

14.6 
30.1 

1 00.0 



(Queb ec)  and Newfoundland Refining (under cons truct ion in 
Newfoundland) - - are s cheduled to re fine imported crude and 
reportedly will ship mos t of their  product output to the 
U . S .  Eas t Coas t .  The to tal cap ac i ty o f  thes e three refin
eries is  inc luded in the interme diate category . 

CAPAC I TY TRENDS IN REF INERY TYPES AND OWNERSHIP 

C apacity Trends 1n Refinery Typ es 

Total refining cap acity in the non-Communist  world has increas 
ed from 3 . 6  MMB/SD in 1 9 5 0  to 3 5 . 2  MMB /SD in 1 9 7 2  ( s e e  Tab le 5 6 ) . 

Market refineries h ave incr eased s i gnifi cantly in the i r  s h are 
of total foreign refining capacity over the p a s t  20 years , up from 
ab out 1 . 9  MMB/SD , or ab out 5 2  pe rcent of total capacity in 1 9 5 0 , 
to over 2 6  MMB/SD , or almo s t  7 6  percent in 1 9 7 2 . 

Res ource refiner ies h ave b e en decl ining in relative importance 
over the p a s t  20 years , alth ough capacity h as increased in ab s o lute 
terms from 0 . 9  MMB/SD in 1 9 5 0  t o  3 . 3  MMB/SD in 1 9 7 2 .  Res ource r e 
fineries  share o f  total fore ign re fin ing has droppe d  from over 2 5  
percent in 1 9 5 0  to 9 . 5  pe rcent in 1 9 7 2 .  

I nt ermediate refinery cap a c i ty was 0 . 8  MMB/SD , or 2 3  percent 
o f  the t o t a l ,  in 1 9 5 0 . Al though the i r  c apacity h as grown s te ad i ly , 
the ir share of the total dropped until  1 9 7 0  ( 3 . 9  MMB/SD , 1 3  per cent 
o f  the total ) , when the trend r ever s e d .  Intermediate refineries  
are now on the up swing , amounting to 5 . 2  MMB/SD,  o r  almo s t  1 5  p e r 
cent o f  the total in 1 9 7 2 . 

Ownership Trends 

The International Maj ors share of foreign c apacity has de
c l ined from almo s t  6 6  percent in 1 9 5 0 to ab out 52  percent in 1 9 7 2 . 
In the meant ime , g ove rnmen t  owned comp anies and all o ther companies 
have incre ased the ir s hare s igni ficantly . The "New Maj o r s "  (U . S .  
based  c omp ani e s )  have c arved out a 5 percent s hare of. fore ign r e 
fining capac ity b y  1 9 7 2 , s t arting from e s s en t i al ly nothing in 1 9 50 . 

The Inte rnational Maj ors h ave owned nearly all of the res ource 
refinery capac i t y ,  but the ir s h ar e  has decl ined from 99 percent in 
1 9 5 0  to under 83 percent in 1 9 7 2  (Tab l e  5 8 ) . The Maj o rs owner s h ip 
o f  intermediate refineries  has declined sharply , from 9 3  percent in 
1 9 5 0  to 50 percent in 1 9 7 2 . The New Maj ors and o ther nongovernment 
companies  h ave accounted for mo s t  of the diffe rence . Governmen t 
company ownership o f  b o th res ource and in termediate refineries has 
been much l ower than the g overnment share o f  market refineri es . 
The Internat ional Maj ors increased the ir share of market refineries  
from 3 8  p e rcent in  1 9 5 0  t o  5 4  p ercent in  1 9 6 0 , but  h ave s l owly de 
c l ined in importance s ince then ( 4 9  per cent in 1 9 7 2 ) . 

2 30 



CAPAC I TY TRENDS I N  PROCESS I NG 

Downs tream Proce s s ing Capacity Trends 

T ab l e  5 9  s hows trends in the deve lopment of downs tream p r o c 
e s s ing cap acity i n  the non - Communist  foreign area o ver the past  2 0  
years . Total cracking capac ity has declined from 2 2  per cent o f  
t o tal refining capacity in 1 9 6 0  t o  1 3  percent in 1 9 7 2 . Total r e 
f orming capacity has remained e s s entially  cons tant a s  a percen t  o f  
crude capac i ty over the s ame period ( 1 0  percent i n  1 9 6 0 , 1 1  per
cent in 1 9 7 2 ) . 

· 

The s e  trends reflect the fact that fo r e i gn refiners operate 
p r imar ily to produce d i s t i l l ate and res idual fue l  o i l s . Rapid in
dustriali zation in the s e  areas over the pas t 20 years , combined 
with the sub s t i tution of o i l  for coal in many areas , has increased 
the requi rement for the s e  fue l s  as comp ared to the l ighter frac
t i ons used in transpo rtation , etc . Even C anada shows a decline in 
cracking capac i t y  as a p ercentage of crude cap ac i ty , re flec ting the 
g rowing production o f  heavy fue l o i l s  in eastern C anad i an refine r 
i e s  for indus trial and ut i l i ty us e in the Un ited S tates and Canada , 

The p r imary emphasis  in foreign refinery downs tream proce s s ing 
trends has b e en on product qua l i ty imp rovement rather than on the 
a l teration o f  the bas ic product s late . The s e  trends are expected 
t o  continue . The recent app earance o f  fue l oil  desulfur i zation 
fac i l i ties in foreign refineries , d i s cussed in the fo l l owing s e c 
tion , is  an important examp l e  o f  th i s  "qual i ty improvemen t" typ e 
o f  downstream proce s s ing . 

Fuel O i l  D e s ul furi zation 

Fuel o i l  desul furi zation capac i t y , n onex is tent un til 1 9 6 7 ,  has 
incre ased a t  an ave rage rate of 1 0 0  MB/SD per year s ince 1 9 6 8  b o th 
in Japan and in the C aribbean . The outlook for the 1 9 7 0 ' s ,  based 
on the e s t imates in Tab l e  6 0 , is  for cons truc tion rates s everal 
times higher than this in both areas , with p art icular emph asis  
likely around mi d - de c ade . Cons truc tion p l ans already on the bo oks 
amo unt to ab out 3 5 0  MB/SD in each area by 1 9 7 5 , and the supply/ 
demand b a l ance indicates  that even more new capacity w i l l  be re 
quired by that date . We s tern Europ e , now s ome 5 years b ehind the 
Un i t e d  States in s u l fur emis s i on regul ations , w i l l  need to bui l d  
fue l  o i l  desulfur i zat i on capacity a t  a s imilar rate s t arting after 
1 9 7 5 . This , of cour s e , depends on the di s p o s i ti on of l ow - sul fur 
crude s to the various market areas . 

T ab l e  6 0  s hows the outlook for 1 9 7 5  and 1 9 8 0 , emphas i z ing the 
g rowing g ap (parti cularly in the Atlantic  area) be twe en l ow- sul fur 
fue l o i l  requi rements and l ow - sul fur crude availab i l i ty .  The prin
cipal  assump t i ons b eh ind the calculat ions are as fol l ows : 

• The e s timate o f  l ow - sul fur fue l o i l  demand in the U . S .  
Dis tricts I thr ough I V  is  based  on our over a l l  app raisal 
of U . S .  ene rgy and fuel oil demand and our most  current 

2 3 1  
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W. Europe · Total Refining Capacity 
Thermal Cracking ai'ld Visbreaking 
Catalytic Cracking 
Hydrocracking 
Coking 
Total Cracking and Coking 

Catalytic Reforming 
Thermal Reforming 

Total Reforming 
Fuel Oil Desulfurization 

Africa · Total Refining Capacity 
Thermal Cracking and Visbreaking 
Catalytic Cracking 
Hydrocracking 
Coking 

Total Cracking and Coking 
Catalytic Reforming 
Thermal Reforming 
Total Reforming 

Fuel Oil Desulfurization 

Middle East - Total Refining Capacity 
Thermal Cracking and Visbreaking 
Catalytic Cracking 
Hydrocracking 
Coking 

Total Cracking and Coking 
Catalytic Reforming 
Thermal Reforming 
Total Reforming 

Fuel Oil Desulfurization 

TABLE 59 

NON-COMMUNIST FOREIGN REFINING, DOWNSTREAM PROCESSING 
{Start-of-Year Feed Capacities) 

1950* 1955t 1960 1965 1970 
% of % of % of % of 

MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD 

819 2,318 3,984 7,641 14,136 
301 13.0 1 15 2.9 407 5.3 432 
306 13.2 471 1 1 .8 613 8.0 177 

- - - - 7 0.1 35 
- --

- - - - _lQ_ .Ql __g -- -- -- -

142 17,3 607 26.2 586 14.7 1,047 13.7 1,306 
43 1.9 374 9.4 995 13.0 1 ,846 

- -- -- 200 -- .M � 2§. _,_,_, 
43 1.9 574 14.4 1,193 15.6 1,957 

39 68 1 1 6  502 179 
8 1 1 .8 3 2.6 7 1.4 27 
6 8.8 1 3  1 1 .2 30 6.0 42 
- - - - - - -

- -- -- -- -- - ---"- .1..£ --

7 17.9 14 20,6 16 13.8 43 8.6 69 
- - 5 4.3 87 17.3 126 

- --
- -

__ 7 .M __ 7 .l± __ 4 -- --

- - 12 10.3 94 18.7 130 

827 1 ,089 1,425 1,713 2,308 
194 17.8 51 3.6 62 3.6 70 
58 5.3 62 4.3 68 4.0 73 

- - - - - 62 
- -- -- -- -- - -- - --

208 25.2 252 23.1 1 1 3  7,9 130 7.6 205 
26 2.4 48 3.4 88 5.1 131 

- --
-

-- ___!R ".!L!!. ____§£_ .i& _J1_ --

26 2.4 175 12.3 170 9,9 203 

1971 1972 
% of % of % of 
Total MB/SD Total � Total 

15,704 16,595 
3.1 443 2,8 502 3.0 
5.5 894 5.7 930 5.6 
0.2 40 0.2 55 0.3 

...Q,± .......ill! _Q& 1 1 2  0.7 
9.2 1,466 9.3 1,599 9.6 

13.0 1 ,948 12.4 2,118 12.8 
....Q& ...J..Ql1. .su __[!_ _Q2 
13,8 2,057 13.1 2,205 13.3 

853 902 
3.5 28 3.3 23 2.5 
5.4 63 7.4 63 7.0 
- 1 0  1 . 1  1 0  1.1 

8.9 101 1 1 .8 96 10.6 
16.2 ·148 17.3 139 15.4 
....\!& __ 4 _Q2 __ 4 ..!!,± 
16.7 152 17.8 143 15.8 

2,440 2,571 
3.0 77 3.2 92 3.6 
3.2 73 3.0 74 2.9 
2,7 62 2.5 72 2.8 

-- _m J!.ll. _1Q. .J!..L 
8.9 232 9.5 258 10.0 
5.7 128 5.2 130 5.1 

.2.! .....B. � ____12 � 
KB 205 8.4 202 7.9 



TABLE 59 (CONT'D.) 

NON-COMMUNIST FOREIGN REFINING: DOWNSTREAM PROCESSING 
(Start-of-Year Feed Capacities) 

1950* 1955t 1960 1965 1970 1971 1972 
% of % of % of % of % of % of % of 

MB/SD � MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MBISD Total 

� - Total Refining Capacity 260 477 1.134 2,794 4,888 5,789 6,388 
Thermal Cracking and Visbreaking 74 15.5 60 5.3 49 1.7 103 2.1 1 1 7  2.0 103 1.6 
Catalytic Cracking 14 2.9 96 8.4 1'61 5.8 210 4.3 264 4.6 339 5.3 
Hydrocracking - - - - - 1 0  0.2 12 0.2 1 2  0.2 
Coking - -- -

__ 2 ....Qd __ 8 _Qd ___;g _Q2 � ...Q& ____;g .....M. -- --
Total Cracking and Coking 62 23.8 88 18.4 158 13.9 218 7.8 356 7.3 426 7.4 487 7.6 

Catalytic Reforming 1 6  3.4 35 3.1 207 7.4 435 8.9 476 8.2 522 8.2 
Thermal Reforming - - -- -- ___!_!! ..12 __l!j_ ___M ____!§. _Qd __ 15 _ _Qd __l!j_ ....Qd 

Total Reforming 16 3.4 54 4.8 222 7.9 450 9.2 491 8.5 538 8.4 

Fuel Oil Desulfuri:zation - - - - - - - 274 5.6 386 6.7 469 7.3 

I 
�- Total Refining Capacity 14 57 237 424 659 706 767 N Thermal Cracking and Vis�reaking -

""' 
- - - - - - - - - - -

""' Catalytic Cracking - - 76 32.1 133 31 .4 166 25.2 157 22.2 154 20.1 
Hydrocracking - - - - - - 4 0.6 4 0.6 4 0.5 
Coking - - -- -- -- -- -- - --

Total Cracking and Coking - - - - 76 32.1 133 31.4 170 25.8 161 22.8 158 20.6 

Catalytic Reforming - - 21 8.9 86 20.3 143 21.7 162 22.9 164 21.4 
Thermal Reforming 

Total Reforming - - 21 8.9 86 20.3 143 21.7 162 22.9 164 21.4 

Fuel Oil Desulfurization 

Caribbean - Total Refining Capacity 910 1 ,330 1 ,985 2.542 3,393 3.736 4,011 
Thermal Cracking and Visbreaking 532 40.0 535 26.9 603 23.7 614 18.1 595 15.9 593 14.8 
Catalytic Cracking 74 5.6 283 14.3 261 10.3 291 8.6 287 7.7 282 7.0 
Hydrocracking 
Coking 

Total Cracking and Coking 299 32.9 606 45.6 818 41.2 864 34.0 905 26.7 882 23.6 875 21.8 

Catalytic Reforming - - - 38 1 .9 94 3.7 143 4.2 2 1 1  5.6 206 5.1 
Thermal Reforming - -- -- - � .1.,.!; ---11!. _1_J. __ 7 _ ..ill __ 7 ....Qd __ 7 0.2 

Total Reforming - - 67 3.4 122 4.8 150 4.4 218 5.8 213 5.3 

Fuel Oil Desulfurization - - - - - - - - 30 0.9 260 7.0 360 9.0 



TABLE 59 (CONT'D.) 

NON·COMMUNIST FOREIGN REFINING: DOWNSTREAM PROCESSING 
(Start-of-Year Feed Capacities) 

1950* 1955t 1960 1965 1970 1971 1972 --
% of % of % of % of % of % of % of 

MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total MB/SD Total 

Other Latin America-
Total Refining Capacity 365 501 874 1 ,349 1 ,759 1 ,828 2,134 
Thermal Cracking and Visbreaking 125 24.9 194 22.2 185 13.7 148 8.4 144 7.9 144 6.7 
Catalytic Cracking 20 4.0 90 10.3 253 18.7 244 13,9 297 16.2 351 16.5 
Hydrocracking - - - - - - - - - - 21 1.0 
Coking -- -- - -- - - __ 1 ....QJ. � __ll � 3,0 _..§1_ 21. -- --- --

Total Cracking and-Coking 104 28.5 145 28.9 284 32.5 439 32.5 447 25.4 496 27.1 583 27.3 

Catalytic Reforming - - - - 52 3.9 1 15 6.5 1 1 6  6.4 133 6.2 
Thermal Reforming -- -- -- -- __ 7 _.illl __ 1_1 0.8 __ 1_5 ....Q,g, __ 1_5_ _Q,§, __4_ 0.2 

Total Reforming - - .7 0.8 63 4.7 130 7.4 131 7.2 137 6.4 

Fuel Oil Desulfurization 

Canada - Total Refining Capacity 340 609 920 1 , 1 1 5  1 ,438 1 ,483, 1 ,832 
Thermal Cracking and Visbreaking 172 28.2 52 5.7 57 5.1 34 2.4 34 2.3 34 1.9 

N I Catalytic Cracking 212 34.8 281 30.5 355 3 1 .8 394 27.4 390 26.3 427 23.3 
"' Hydrocracking - - - - - - 6 0.4 24 1.6 24 1 .3 
.p. Coking ___13. ___lA ___j_:l __1.2 __ 14 _ _j_,Q_ __ 1 4_ ....Q,g, __ 1_7 � -- -- -- --

Total Cracking and Coking 180 52.9 384 63.0 346 37.6 425 38.1 448 31.2 462 31.1 502 27.4 

Catalytic Reforming 1 2  2.0 151  1 6.4 192 17.2. 234 1 6.3 248 16.7 290 15.8 
Thermal Reforming 

Total Reforming 12 2.0 151 16.4 192 17.2 234 16.3 248 16.7 290 15.8 

Fuel Oil Desulfurization 

Total Non-Communist Foreign-
Total Refining Capacity 3,574 6,449 1 0,675 18,080 29,360 32,539 35,200 
Thermal Cracking and Visbreaking 1 ,406 21.8 1,010 9.5 1,370 7.6, 1 ,428 4.9 1 ,438 4.4 1 ,491 4.2 
Catalytic Cracking 690 10.7 1 ,372 12.9 1 ,874 1 0.4 2,197 7.5 2,425 7,5 2,620 7.4 

Hydrocracking - - - - 7 - 1 1 7  0.4 152 0.5 198 0.6 

Coking -- -- - - __ 1_5 ....QJ. _.3§. ....Qd � 0.5 � __Q& __lli. JU. -- --
Total Cracking and Coking 1,002 28.0 2,096 32.5 2,397 22.5 3,299 18.3 3,906 13.3 4,226 13.0 4,558 12.9 

Catalytic Reforming 97 1 .5 672 6.3 1,801 10.0 3,173 10.8 3,437 10.6 3,702 ·10.5 

Thermal Reforming -- -- - -- � _2§ � _Lg ___1li __Q& ___]]]_, ...ill.. _ill!. ..Q& --
Total Reforming 97 1.5 1,061 9.9 2,142 11.9 3,397 11.6 3,664 11.3 3,892 11.0 

Fuel Oil  Desulfurization - - - - - - 304 1 .0 646 2.0 829 2.4 

1950 data does not provide detail on types of processes. Number shown·under ''Total Cracking and Coking" includes Thermal Cracking, Catalytic Cracking, Visbreaking, Coking and Thermal Reforming. 

t Number shown under "Thermal Cracking and Visbreaking" in 1955 include� Coking and Thermal Reforming. 

SOURCE: Based on Oil and Gas Journal capacities. 
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TABLE 60 

LOW.SULFUR FUEL OIL ASSESSMENT - 1975 AND 1980 
(MB/SD) 

North Sea 
Latin America 
Total 

Disposition 
Europe 

ATLANTIC AREA 

U.S. Districts 1 - IV/Canada 
Caribbean 
Other Areas and Inventory 
Total 

Low-Sulfur Fuel Oil Supply/Demand Balance 
Western Europe 

Low-Sulfur- Fuel Oil Consumption (1% S or less) 
Potential Supply from Low-Sulfur Crude 
30% Potential Supply Unavailable* 

Net Potential Supply 
Supply Required from Desulfurization (Potential 

Export Available for U.S.) 

U.S. Districts I - IV 
Low-Sulfur Fuel Oil Consumption (1% S or less) 
Potential Supply from Low-Sulfur Crude 
Supply Required_froril .Desulfurization 

Memo: U.S. and Caribbean Desulfurization Feed Capacity 
Required for Above Supply* 

Capacity On-Stream and .Announced§ 
Unannounced New Capacity Required 

1975 1980 

5,275 9,200 
750 2,000 
600 1 ,000 

8,625 12,200 

5,925 7,350 
740 1 ,650 
950 1 ,600 

1,010 1,600 
8,625 12,200 

1,420 4,500 
2,590 3,620 

(780) ( 1 ,090) 
1,810 2,530 

(390) 

2,810 
1 ,290 
1 ,520 

1 ,590 
760 
830 

1,970t 

3,790 
1 ,480 
2,310 

2,530 
760 

1 ,770 

FAR EAST 

Low-Sulfur Crude Production and Disposition 
Production 

Brunei/Malaysia 
Indonesia 
Total 

District V 
Other S.E. Asia & Inventory 
Total 

Low-Sulfur Crude from Atlantic Area to Far East 
Total Low-Sulfur Crude Available for Far East 

Low-Sulfur Fuel Oil Supply/Demand Balance 
Japan · 

Regulated Onshore Fuel Oil Consumption (Pool Wt. %5) 
Potential Supply from Low-Sulfur Crude 
Low-Sulfur Fuel Oil Imports 
Adjustment for Stack Gas Treating 
Supply Required from Desulfurization 

Memo: 

Memo: 

Desulfurization Feed Capacity Required for 
Above Supply, MB/SD11 

Capacity On-Stream and Announced 
Unannounced New Capacity Required 

Low.Sultur Crude Burned Directly by Utilities 

1975 1980 

225 300 
1,615 2,300 
1 ,840 2,600 

1 ,000 1 ,650 
200 200 
640 750 

1,840 2.600 
330 __lQQ_ 

2,170 3,300 

2,545(0.7) 4,000(0.3) 
1,210 1 ,650 

. 

325 450 
100 300 
910 1 ,600 

1,120 
803 

----siT 

260 

1,975 
803 

1,172 

480 

Memo: Foreign Fuel Oil Desulfurization Capacity (Announced) --- (January 1) 
Western Europe 
Caribbean 
Japan 
Total Foreign 

1968 

40 
40 

1969 -
30 
88 

118 

1970 1971 1972 - - -
30 260 360 

274 386 469 
304 646 829 

*Potential low-sulfur fuel oil not available due to use as cracking feedstock, failure to segregate from high-sulfur crude use in markets where not required by law, etc. 
tMaximum requirement; "potential supply unavailable'' may be considerably lower than 30 percent by 1980 • 

1975 
---3 

700 
803 

1 ,506 

.:!=Based on 90 percent operating factor and 90 percent fuel oil yield; allowance is made for blending VGO desulfurizer output with high-sulfur material to a 1 percent sul�ur fuel oil. 
§ l ncludes_60 MB/SD unit announced by Supermarine Inc., New Jersey, 
II Based on 90 percent operating facto_r and 90 percent fuel oil yield. 



assump t ion o f  the l ikely imp act o f  EPA regulation l imits 
wh ich will  be in e ffect in 1 9 7 5  and 1 9 8 0  as a result of 
the 1 9 7 0  C l e an Air Act provis ions . 

• The es timate o f  l ow - s ul fur fuel o i l  demand in Europe is  
based on our ove ral l appraisal of Europ ean energy and , 
specifica l ly , fue l o i l  demand . (Our e s t imates for total 
Europ ean oil demand correspond to the "high" end of the 
range agreed upon by the NPC . )  I t  takes into account cur 
rent air p o ll ution regulations and our b e s t  present e s t i 
mate o f  the devel opment o f  new regul ations through 1 9 7 5 .  
For 1 9 8 0  we have as s ume d that total  SOz emis s i ons from 
fue l  o i l  burning w i l l  be l imited t o  a leve l no hi gher than 
in 1 9 7 5 . 

• Low- sulfur fue l o i l  demand es timates for the Uni ted States 
and Europe do no t account for s tack g as treatment on o i l 
burning ins t a l l a t i ons wh ich , later in the de cade , may prove 
economical for large consumer ins t a l la t i ons enab l ing them 
to burn high - s u l fur fuel o i l . Al l owance is made , howeve r ,  
for s t ack gas s u l fur removal from coal - burning ins ta l l a 
tions later i n  the decade . U . S .  low - s ul fur fuel o i l  de
mand t akes into account expec ted produc t i on o f  p ipel ine 
qual i ty gas by g a s i f icat ion , part o f  wh i ch will  be comp e t i 
tive with l ow - s u l fur fuel o i l . No production o f  low BTU 
gas from o i l  or coal  is assume d ;  if s uch a process  proves 
economical , it could have an imp act· on l ow - s ulfur fuel o i l  
demand b y  1 9 8 0 . Direct burning o f  l ow - sulfur crude o i l s  
and o f  l i ght dis t i l l ate frac tions , s uch a s  naphtha , is  ex
pected to b e  c omp aratively smal l .  

• The European b al ance a l l ows for "potential s upply unavai l 
ab l e "  ( from l ow - s u l fur crude) for the l ow - s ulfur fuel o i l  
po o l , due t o  u s e  as  cracking feeds tock , fai lure t o  segre 
gate from high - s u lfur crude use in marke ts whe re not r e 
qui red b y  l aw ,  e t c . The Europe an re fine r s ' "potential sup
ply unava i l ab l e "  i s  a s s umed t o  be 30  per cent o f  total po 
tential supp l y .  Be fore 1 9 7 5 ,  the pe rcentage unava i l ab l e  
becaus e of nons egregation undoub t edly is  hi gher than 3 0  
percent . Howeve r , by 1 9 8 0 , with l ow - s ulfur fuel o i l  supply 
tight , the unav a i l ab l e  volume is l ik e ly t o  appr oach zero 
percent . 

• The e s t imate o f  l o w - s ulfur fue l  o i l  demand in Japan is 
based on our ove r a l l  appraisal of Japanes e ene rgy require
men ts . I t  takes into account direct crude burning , naphtha 
burning and s ignificant commerc i a l i z at i on of s t ack gas 
treatment on o i l - b urn ing ins tallat ions . The Japanes e  now 
have operating or under cons truction 2 5  di fferent p i l o t  or 
s em i - comme rcial  s t ack gas treating p l ants repr e s en ting 1 3  
diffe rent proce s s e s . The comp e t i t ive economics o f  s tack 
gas tre atmen t  v e r s u s  desulfuri zat ion have y e t  to be prove d ;  
the ou tcome w i l l  have a direct b e ar ing on the desulfur i z a 
tion requiremen ts e s t imated in Tab l e  6 0 .  

2 3 6  



• The a l l ocation of desulfur i zation capacity to the var ious 
areas is arb i trary , s ince the inter" area f lows of l ow 
sulfur crude and fue l o i l  wi l l  depend o n  the specific 
logis t ic/ economic s i tuat ions o f  individual refiners . The 
Japane s e  balance a l l ows for moderate imports of l ow - s u l fur 
fuel o i l  produced from As i an low- sulfur crudes in the r e 
source re fine ries  o f  Indones i a  and interme diate refineries , 
such as tho s e  in Singapore . However , no all owance is  made 
for desulfur i z ation of Pers i an Gu lf crudes in the Middle 
Eas t ' s  res ource re fineries or in As i a ' s  intermediate 
refinerie s .  

Due to the as sump t ions noted ab ove , the 2 MMB/SD o f  desulfur
i z a t i on capacity indi cated for Europe in 1 9 8 0  should b e  consi dered 
a maximum r equiremen t .  For examp le , i f  the . "po tent ial supp ly un 
available" were 1 0  p ercent instead o f  3 0  p ercent , Europe ' s  required 
desu lfur i z a t ion capaci ty in 1 9 8 0  woul d be 1 . 2  MMB/SD ins tead of 2 
MMB/SD . The estima tes for the Un i ted States/ Caribbean are a and 
Japan are on firmer gr ound , but are qui te susceptible to the as 
s ump t i ons relative to s t ack g a s  tr eatment and direct crude burning . 
On b a l ance , cons id.er ing the current state o f  technology for s u l fur 
r emoval from stack ga s ,  the outl ook over at least the next 3 to 5 
years  i s  for acce lerating growth of fue l o i l  desulfur ization cap ac
ity in both Japan and the Un i t ed S tates/ Car ibb e an area .  

THE OUTLOOK 

The data on refinery capacity additions suggests  that recent 
trends wi l l  con tinue . That i s , market and intermediate refineries 
w i l l  cont inue to increase the ir share of total fore ign refining 
capac ity , ·and res ource refiner ies ' share o f  the total wi 11 con 
t inue to decl ine . Strong growth in interme diate refin ing cap acity 
(beyond that shown by the data) wi l l  be encouraged by refinery 
s i t ing prob lems and envi ronmental i s t  concerns in the Un i ted S t ates 
and Japan . The next few years w i l l  s e e  S ingapore be come one o f  the 
large intermediate refining centers , with almo s t  5 0 0  MB/SD of new 
cap acity p l anned b e tween now and 1 9 7 5 . Other As ian areas , such as 
Okinawa and Taiwan , are a l s o  l ikely to deve lop as imp ortant inter
mediate  refining s i t e s . 

The s cheduled growth o f  interme diate refining capac ity in the 
Caribbean and in eas tern C anada is supported by the need to s upp ly 
the Un ited  S tates with increas ing vo lumes o f  l ow - s ulfur fue l o i l  
and b onded products and b y  the fact that U . S .  re fining capacity 
g rowth has failed to keep p ace with demand . Further future growth 
o f  int ermediate refining cap ac i ty to provide products for import 
into the United States  will  be , of cours e , he av i ly contingent on 
whe ther U . S .  import c ontrols  are modified to s t imulate the exp an 
S l on o f  U . S .  re fining capac i ty .  

Al though the share of res ource re fineries is  indi cated t o  con
t inue to decl ine , s everal factors may s erve to coun teract this 
trend . With the l imit ed world supp ly o f  low-sulfur crudes , the 
Afr i c an nations , Indon es i a ,  Ecuado r ,  e tc . , w i l l  be ab le to command 
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premium prices for it . Rathe r than accept poorer prices for high 
sul fur crudes , the Mid- Eas t countries  (wi th or without o i l  company 
participation) have a s trong incentiv e  to desulfurize  the ir crude 
before market ing it . Th es e countr i e s  h ave l and , cheap natur al gas , 
cap i tal funds , a des ire for down s tr e aming , etc . I n  addi tion , Japan 
is  known to be l o oking to both the Middle Eas t and I ndone s i a  to e x 
pand their res our ce re finery capac i t i es t o  supply Japan with o i l  
products and e a s e  her  refinery s i t ing prob lems . 

Refinery owne rship trends are a l s o  expec ted to continue , w i th 
the International Maj ors share dec lining and the government owned 
and other comp anies share increas ing . The overall outlook for r e 
fining may b e  c ontingent on the outcome of negotiat ions now under 
way be tween the produc ing country governments and the o i l  compan i e s . 

2 3 8  



APPENDIX F 

Review of SuHur Removal · 

Regulations and Technology 
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KENT & SUSSEX CO. 

DISTRICT OF COLUMBIA 

FLORIDA 

I>EORGIA 

HAWAII 

II>Al!O 

ILLINOIS 

GRANITE CITY 

COOK COUNTY 

Im>IANA 

UKE COWIT 

PORTER COUNTY 

ST, JOSEPH COUNTY 

VIGO COUNTY 

ANDERSON 
EAST CHICAGO 
EVANSVILLE '''" 

TABLE 61 (CONT'D.) 

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES 
ALLOWABLE EMISSIONS LBS S02/106 BTU 

FUEL LIMITATION HEAT INPUT (MILLION BTU/HR) 
% S (LBS S/106 BTU) 

'" '""' :; 10 "' "' < 250 >250 1000 >:ZOOO "-1. 
0.3 DISTILLATE 

0,5 o.s 

0.8 OIL 
1.2 COAL 

0.8 OIL 
1 . 2  COAL 

o.s 

0,3 RESIDUAL 
0.2 DISTILLATE o. 7 

1. 2 COAL 
0 . 6  RESID 
0.3 DIST. 

LO >.O 

6 . 0  

""'""" 

EMISSION RATE SHALL liE DETERMINED BY ACCEPTABLE 
ATMOSPHERIC DISPERSION EQUATIONS IN OI!DER TO MEET 
AIR QUALITY STANDARDS. 

AFTER .JULY 1, 1975 - UNTIL THEN 1% 5 FOR COAL; 
FOR OIL 1% S UNTIL Jtn.Y 1, 1973 AND 0.8% S UNTIL 
JULY 1, 1975. 

FOR NEW SOURCES ONLY, REGULATIONS FOR EXISTING 
SOURCES: 
1.1 LBS 502/106 BTU FOR OIL I FOR >250 MILLION 
1.5 LBS SO:i/106 BTU FOR COAL BTII 
FOR NEll SOURCES ONLY; FOR EXISTING SOUP:CES LIHI'I;-
ATION IS A FUNC'JION OF STACK !lEIGHT, HEAT INPUT, 
LOCATION, FUEL USED, 2.5% S FOR COAL AND OIL FOR 
FUEL BURNING SOURCES <:100 t!ILLION BIU/ItR OF HEAT 
INPUT; '),0% S FOR COAL J.JID OIL FOR FUEL I!URNINC 
SOURCES >�00 MILLION BTU OF HEAT INPUT 
AFTeR JUNE 1 ,  1974 FOR FUeL BURNING SOURCES >250 
MILLION BTU/I!R AliD 2.0% S FOR FUeL BII1UI'ING SOURCES 
<250 MILLION BTU/HR. 

THIS R.EGVU.TIOH IS BEING DELETED 1 AliD NEW % S 
LIMITATIONS WILL BE SET BY THE STATE WITHIN 1 YE#.R 
OF APPROVAL OF THE PIAN. 

FOR NEll SOURCES ONLY; FOR EXISTING SOURCES AT ALL m:A1' INPUTS: FOR CHICAGO 1.0 LBS S02/10� BTU FOR RESIDUAL OIL } ST. LOUIS,,.Nn 
O.J LBS 502{10 BTU FOR DISl'lLLATE OIL BURLINGTON 1 . 8  LBS 502/106 BTU FOR _COAL. ·AQCR's 

��E:r�i�O���!-r��S ��Sk IHEoc�i:r P��E 
TO 

BEYOND TilE PIIDIISE5 011 WHICH THE SOURCE IS 
LOCATED. 

NOT IN EXCESS OF 6 . 0  LBS 5o2{1o6 BTU OR E,•l7Q-0,JJ WHICHEVER IS LESS, IN NO CASE 
\/ILL STANDARD OF LESS THAN 1.2 LBS 
502/106 BIU BE JtEQUIRED, 

NOI TO CAUSE GROUND LEVEL CONCElll'RATIONS TO EXCEED 
THEIR LIMITATIONS. 

"PROPOSED ORDINANCE WHICH IS SIMILAR. TO LAKE 
COUNTY" 

BUT NOT IN EXCESS OF r,.•11.oq,.-O,JJ (Q01 IS TOTAL 
EQUIPMENT CAPACITY) 

NOT TO CAUSE GROUND LEVEL CONCENTRATIONS TO EXCEED 
LIMITATIONS NO S02 REGULATIONS 
SAME J,S LAKE C(?UNTY 
NO 502 ltEGUIATIONS 
SAME AS LAKE COUNTY 



N 
.,. 
tN 

"""""' 
INDIANAPOLIS 
MICHIGAN CITY 
WAYNE COUNTY 

mWA 

"''"" 
"""""'' 

PRIORITY I 

PRIORITY II 

PRIORITY Ill 

LOUISIANA 

"'""' 
PORTLAND AQCR 
CENTRAL MAIN£ """""'' 
AROOSTOOK CO. 
N.W. MAINE AQCk 

"''"'""" 
CUMBERU.ND MD , AQCR 

BALTittlRE AQCR 

NATIONAL CAPITAL AQCR 

EASTERN SIIORE AQCR 

SO!JTHER.N SHORE AQCR 

CENTRAL KD. AQCR 

MASSACHUSETIS 
CENTRAL MASS, AQCR 

MEAADIIr.CX :YAU.EY AQCR 

BOSTON AQCR 

PIONEER VALLEY AQCR 

S.E. MASS, AQCR 

BERKSHIRE 

TABLE 61 (CONT'D.) 

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES 
ALLOWABLE EMISSIONS LBS S02J106 BTU 

fUEL LIMITATION 
% S (LBS S/106 BTU) 

OIL 

1.5 

1.5 
2.5 
2.5 
2.5 
2.5 

0.5 RESIDUAL 
0.3 DISTILLATE 
0,5 RESIDUAL 
0.3 DISTILLATE 
0.5 RESIDUAL 
0.3 DlSTlLUTE 
0.5 RESIDUAL 
O.J DISTILLATE 
0.5 RESIDUAL 
O,J DISTILLATE 
0.5 RESIDUAL 
O.J l>ISI'ILLATE 

(0,17 NO. 2 OIL) 
0.55 OTHERS . 

(0.17 NO, 2 OIL) 
0,55 OTHERS . 

(0.17 NO. 2 OI� 0.28 OTHERS 

(g:;� :u� OIL) 

(�:;� :UeisOIL} 

(g:�� �E� 
OIL

) 

""" 
1.5 

1.5 
2.5 
2.5 
2.5 
2.5 

1.0 

1.0 

1.0 

1.0 

1 . 0  

1.0 

(0.55) 

(0.55) 
(0.28) 

. {0.55) 

{0.55) 
(0.55) 

:>10 <>0 

4.0 COAL 
2.5 OIL 
4.0 COAL 
2.5 OIL 
4.0 COAL 
2.5 OIL 

HEAT INPUT (MILLION BILI/IlR) 
"""""' 

LOO <250 >250 1000 >2000 ALL 

SAME AS LAX..1i: COUNTY 
NO 502 REGULATIONS 
SAME AS LAKE COUNTY 
NO S01 REGUU.l'lONS 

5.0 PltllPOSED REGUlATION - AFTER. JANUARY 1 1  1974; AFtER 
COAL JANUARY 1,  1973: 

1.5 6.0 LBS, SOz/106 BTU FOR COAL 
01' 2.0 LBS SOz/106 BTU FOR OIL 

).0 

1.2 COAL 
0.8 OIL 2.0 cOAL I FOR 500 ,!!ILLlON BTLI/l!R 1.5 OIL 

J,S COAL 
2.0 OIL . 

2000 PPIR 

UNTIL JULY 1 ,  1975, 1% S WILL APPLY-TO RESIDUAL OIL, 

UNTIL JULY 1, 1975, 1% S Will. APPLY TO RESIDUAL Oil.. 

SAME AS BALTIHDltE 

SAKE AS BALTIHlR£ 

SAME AS BALTlliOR.E 

SAKE AS BALTIH:IRE 

FOR AJU.IHGroN, lltui)KI, liOSIOll, IIROOKLINE, CAHBRIDG£1 
CHELSEA, EV£RE'IT, MALOEN, Hmi'ORD, NEilTON, SOKMEl!.-
VILLE, W'ALrnAM, WATERTOWN - FOR ALL OTHER 
IOlmS & CII'IES IN THIS AQCR: FOR COAL & OIL 
0.55 LBS S/106 BTU 
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MICHIGAN 

WAYNE COUNTY 

MINNESOTA 

MINNEAPOLIS - ST PAUL AQCR 

MlSS!SSll'Pl 

MISSOURI 
KANSAS CITY 

SPRI::GFIELD-CREENE CO. 

"'"'"" 
NEBRASKA 

NEVADA 
WASHOE CO. 
CLARK CO. 

NEW IIAMPSHIRE 

TABLE 61 (CONT'D.) 

1975 REGULATIONS APPLICABLE TO FUEL BURNING SOURCES � 
ALLOWABLE EMISSIONS LBS SOz/106 BTU 

FUEL LIMITATION HEAT INPUT (lllLLlON BTU/IIR) 
% 5 (LBS S/106 BTU) 

OIL "" :sto <50 100 <250 >250 1000 >2000 

2.0 2.0 

'·' Ll 

0 . 3  DISTILLATE 0, 5 PL.UITS 
0. 7 HEAVY & CRUDE. 0.3 RES. ,COM. 

2.0 2.0 

2.0 2.0 

2.0 2.0 

(l.O) (1.0) 

u 
�:� 

0.4 NO. 2 OIL 
1.0 NO. 's 4, 5, 
& 6 OIL 

M.t 
3.2 c 
2 . 2  0 
2.4 c 
1 . 7 0 

4 . 8  

2.3 

2 . 0  

-

""""" 

<500,000 LBS STEAM PER"liOUR BY JULY 1, 1975 FOR POWER PLANTS ONLY. 
>500,000 LBS STEAM PER HOUR BY JULY 

1, 1975 FOR POWER PLANTS ONLY. 

'AFIEI!. AUGUST 1 ,  1975 - 1.25% S FOR PULVERIZED COAL 
FOR POWER PLANrS. 

AFTER JUNE I, 1974 - FOR FUEL BURNING SOURCES >250 
MILLION BTU/lUI. & LOCATED OUTSIDE OF THE MINNEAPOLIS 
ST. PAUL AQCR. 
tJ'TER JUNE· I, 1974 FOR :S250 MILLION BTU/HR. JJfi INSTALLATIONS >250 MILLION BTU/HR WILL HAVE THE 
FOLLOWlNC LlMITA'UONS: 

AFTER JUNE 1 ,  1974 
AFTER JUNE 1, 1973 
AFTER JUNE 1, 1972 

1.5% S FOR OIL 
l.S% s I FOR COAL z.o:t s 

2.4 LBS SOz/106 BTU FOR ANY MODIFIED FUEL BIIIUUNC 
UNIT (MODIFIED MEANS A PHYSICAL CHANGE IN AN AIR 
CONTAMINANT SOURCE WlliCH_INCREASES THE AM:li!NT OF ANY AIR PQLLUTANT EMITIED OR RESULTS IN THE 
EMISSION OF ANY AIR POLLUTANT NOT PREVIOUSLY 
EMITTED). , 

STATE RECtll.Al'ION INCLUDES ST. LOUIS METRO. AREA. 
SOz EMISSIONS Sl!ALI. NOT CAUSE AMBIENT AIR QUALITY 
LIMITATIONS TO liE EXCEtDED AT ANY OCCUPIED l'l.ACE 
BEYOND THE PREMISES ON WlliCH 111£ SOURCE IS LOCAn:D, 

FOR EXISTUIG .SOURCES; 0 . 5  LBS S02 /106 BTU FOR NEll 
SOURCES. THIS REGULATION IS FOR SOURCES TIIAT BURN 
FUEL PRIMARILY TO PRODUCE HEAT AND WERE THE SULFUR 
COMP01JNI) EMISSION IS. DUE PRilWULY TO THE SULFUR 
IN THE FUEL liURNED - FOR ALL OTHER SOURCES THE 
RECUL\TION SHALL llE NOT TO EXCEED AMBIENT AIR 
QUALITY LIMITATIONS . 

NOT IN EXCESS OF TilE FOLLOWING : a) DURING ANY CONSE· 
CUTIVE 12 MONTH PERIOD, SULFUR OXIDES IN EXCESS OF 
THE AMOilliT EMITIED DUll.lNC 1911 CALENDAR-YEAR 
b) DURING ANY 24 HR. PERIOD, SULFUR OXIDES EXCEEDINC THE W.XIMUM AM:lUNf EMlTIED DURING ANY CONSECUTIVE 
24 HR. PERIOD Dllll.lNG 1971 CALENDAR YEAR. 

0. 105 X HEAT llll'UT FOR >250 MILLION liTU{HR. 

O. lSx HEAT INPUT 

AFtER OCTOBER l ;  1972 
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NEll JERSE'( 
NJ-NY-Com.; AND 
PHILADI-:LPIUA AQCK' S 
NE PENN-LrPER OJ::LAWARE 
AND NJ rtm.:ASTATE AQC!l. 

NEW MEXICO 
ALBUQUERQUE-BERNALILLO CO. 

NEW YORK 
NJ-NY-CONN AQCR 

NIAGARA FRONTIER AQCR 

NORTH CAROLINA 

NORTH DAKOTA 

OIUO 
PRIORITY I REGIONS 

PRIORITY Il REGIONS 
PRIORITY 111 Rf:GIONS 

0"'-"""-' 

""'" 

COL\Il-lBIA-WlUJJiETTE 
MID WILLAMEITE U.KE REGIONAL 

PENNSYLVANIA 
PHIU.OELPHIA 

ALLEGHENY CO. , BEAVER VALLEY , 
MONOGAHELA VALLEY, SE AIR BASIN 

RHODE ISIJ.ND 

TABLE 61 (CONT'D.) 

1975 REGULATIONS APPLICABLE TO FUEL BUSNING SOURCES 
ALLOWABLE EMISSIONS LBS S02/106 BTU 

FUEL LUllTAl"ION HEAT INPUT (MILLION BTU/HR) "Z S (LBS S/10b BTL!) """""' 
O<C ""- ,10 <50 wo <250 :>250 1000 >2000 "-' 

0.2 NO. 2 OIL 0.2 HICJiER % S. COAL ANI.I OIL CAN BE USED IF IT CAN 
Q . 3 N0. 4 �  BE DEMONSTRATED TltAT THE S02 EMISSIONS CAN liE 

HE'AVIER OIL CONTROLLED SO AS NOT TO EXCEED 0 , 3  LBS 
0 . 3  NO. 2 OIL l. 0 Birt;!!lNOUS SOz/106 RTU. 
0 . 7  NO 4 OIL 0.7 ANI'HRACITE l. Cl N0. 5 & 

HEAVIER 
0.3' 

NO S02 REGULATIONS 

(1.65) (2.00) AFTER SErr. 30, 1973; 0.1% S FOR DISTILLATE AFTI:R O.) RESlDUAL 0.3 
��Ar�

0
mi�7i��� �i�·· s}iot9�iu ��s���iooNTEtr. 0.2 DistiLLATE 

(0.6) (1.4) AFTER OCT. 1 ,  1975 FOR OIL; AFTER OCT. l, 
1974 FOR COAL. EXCEPTIONS TO THE SULFUR LIM!TA-
TIONS .ARE ALLOWED IF SULFUR EMISSIONS ARE NOT IN 
EXCESS OF THOSE PROVIDED BY THE RULE. 

1 . 0  1.6 FOR NEW I.NSTALLATIONS ONLY; 2.3 LBS S02/106 BTU FOR. 
EXISTING I.NSTALU.TIONS; BY 1980, 1 . 6  LBS S02/1o6 BTU 
FOil. ALL UISTALU.TIONS. 

3.0 

1 . 0  REGIONS ARE: ClNCUINATI, CLEVELAND, MARIETTA, N,W, 
OlUO, STEUBENVILLE, TOLEDO, YOUNGSTOWN , ZANESVILLE 

1 . 6  REGIONS ARE :  DAYTON, MANSFIELIHWUON 
3 . 1  REGIONS ARE\ COLUMBUS, PORTstllUTH-IRONION , 

SANDUSKY, WIUUNGTON-CHILLICOTIIE-LOGAN 

0 . 3  AFTER JULY 1 ,  1975, FOR NEW LIQUID BURNING EQUIPMENT. 
O<C UNIIL THEN TilE LIMITATION IS 0 . 8  LBS SOz/106 BTU. 
2 . 0  THIS COAL LIMITATION IS FOR Na/ EQUIPMENT ONLY; ONLY """ GROUND LEVEL CONCENTRATIONS ARE GIVEN FOR EXISTING 

FUEL BURNING EQUIPMENT. 

1.75 RESIDUAL 1.0 1 . 4  OIL o.a on THE RESIDUAL OIL RESTRICTION APPLIES AFTER JULY 1, 
0 , 3  DISTILLATE 1.6 COA: 1.2 COAL 1974. UNTIL THEN THE RESTRICTION IS 2.5% S 

EMISSIOII LIMITATIONS APPLY TO NEW SOURCES ONLY 

1 . 0  
1000 ppto 
1000 ppla 

3.0 '-' A•5.1E""0 , 141bs/106 BTU FOR SO:!> HEAT U!PU'I':!>2000 
0 . 2  NO. 2 & LIGHTER 0.3 OIL REGUUTIONS J.l'PLY AFTER OCTOBER 1, 1973; COAL I 0 . 3  NO. 4 & HEAVIER REGI.o"U.TIONS APPLY AFTER OCTOBER 1, 1972 - HIGilER 

% S FUELS C#Jl BE USED WEN EQUIPMENT OR PROCESSES 
ARE USED ro aEDUCE EIUSSIONS. 

1.0 0.6 A•l.1E-O.l4 LJIS/106 BTL FOR SO S HEAT INPUTS2000 

1.0 1.0 
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TABLE 62 

PROCESS FOR DESULFURIZATION OF E FFLUENT GAS STREAMS 

PROCESSES PRINCIPALLY IN THE GAS PHASE 

Process 
(Developer) 

No. (Reference) Comments 
YIELDING SULFURIC ACID OR SULFATE (S- +6) 

I Dry limestone 
(TVA) (30) 

2 Manganese dioxide 
(Mitsubishil (25) 

3 Active magnesia 
(Showa Hatsuden) 
(Chemica) (32) 

4 Modified contact 
(Monsanto-Penelec) 
(Tokyo Tech.) (26) 

5 Modified chamber 
(Tyco Labs. Mass.) 124) 

6 Activated carbon 
(Sulfacid-Lurgil 
(Hitachi, Tokyo) 
IReinluft, W. Germany) 
IWestvaco Corp. U.S.) (33, 34, 35, 36) 

Simultaneous reaction of SO::z with lime arid 
air oxidation of resulting sulfite to sulfate. 
End product slag requires suitable disposal. 
Swedish Bahco Process uses hydrated lime 
slurry (31). Lignite ash also used as absorber 
(Carl Still, W. Germany). 

Initial concentration and oxidation of SO::z to 
metal sulfate with air regeneration of MnO::z 
oxygen carrier and ammonium sulfate (fer
tilizer) production. 

Essentially a concentration process using MgO 
as a "collector" followed by regeneration of 
concentrated SO::z stream for sulfuric acid 
plant feed. 

Essential Contact Process yield acid (Monsanto) 
or ammonium sulfate (Tokyo) but accepts hot 
dilute so, gas stream rather than high so, 
acid plant feed, (see also Topsoe Process) 

Updated version of Chamber Process for sul
furic acid, modified to accept dilute SO::z 
stream. NO/NO::z couple as oxygen carrier. 

All method depend on absorptive ·powers of 
various forms active carbon to first concen
trate and then catalyze oxidation SO::z to S03 
for acid or st,J/fate production. Fluidized, fixed 
and plugged flow beds variously employed. 

YIELDING SULFUR IS=ZEROl 

7 Sulfreen 
ISNPA·Lur_gil (37) 

8 Catalytic redox 
(Princeton Chern. Res.) 147, 48) 

9 CO/SO' redox 
(Chevron Research) 
<Univ. Mass. 
129, 39) 

10 Alkalized alumina 
IU.S. Bur. Mines (dis· 
cont.l 

(U.K. Cent. Elect. 
Board) 127) 

Catalytic use of active carbon for high effi
ciency Claus .redox reaction to yield sulfur 
rather than oxidation of SO::z to S04=. Re- . 
quires bot)l H:<$ and SO::z in stream. 

Essentially modified Claus redox with unspec
ified but claimed high efficiency catalyst. 
Where H::zS not present in feed can be gen
erated from product S and natural gas. 

Being examined with and without NOx in
volved and at various temperatures; COS for
mation problem at lower temperatures. 

Concentration of dilute SO::z stream on alk/ 
alumina and in situ catalytic reduction to 
H::zS using reformer H::z, H::zS then to Claus with 
regenerated S02. 

2 4 7  

Process Chemistry 

REGENEAATION 

$()2 � 1\;$()3 l�OO"F. 15% $()2 Gf\S 

AIR + &12 

l CONTACT REGENEAATION PROCESS 
H2&J� 

� so, -=� V205 H20 

Ll """""=;-+! (M{4)29J4 2M-t�OH 

m2 .· AIR. L .;:J.J ACTIVE ' 

so2 + co 2C02 + s 
lOOO"F, Cu ON Pt_203 00 PRESENT COINERTED TO t�2 

so, -"'&;:J;f'f'"/&'t'f'i-o__ ABsooB 9J 5 % t 37% ED 2 
�R�EHGrn���T�IO�N---1�----� 

s "' SOa CLP.US 



Process 
(Developer) 

No. !Reference) 

YIELDING SULFATE (S- + 61 
11 Ammoniacal solution 

(Comincol 
(Showa.Denkol 
lTV AI 
(Fulham Simon.carvesl 
(21, 22, 23) 

YIELDING SULFUR (S=ZEROJ 

12 Molten salt 
(Atomics lnternati.J 
(Garrett, Res. & Dev.J 
(28, 401 

13 Solution Claus IFP 
(lnst. Francais 
du Petrolel 191 

see also Townsend (7) 
Shell (Deal) (81 

14 Bumines Citrate 

15 

16 

(U.S. Bureau of Mines) 
(43) 

Giammarco-Vetrocoke 
!same) 
(16, 171 
see also Thylox (7) 

Strettord 
!U.K. North W. 
Gas Board) 

(10, 12) 
see also Takahax (!!) 

17 Wellman·Lord 
(same) 
(441 

18 Alkazid 
(Shell) 
(45) 

19 · Beavan 
(Parsons Co.J 
(12, 13) 

20 Cleanair 
(Pritchard) 
ITGSJ 
(14) 

TABLE 62 (CONT'D.) 

PROCESS FOR DESULFURIZATION OF EFFLUENT GAS STREAMS 

PROCESSES WITH AT LEAST ONE PRINCIPAL SOLUTION STAGE 

Comments 

Absorption and concentration of S02 and air 
in ammonia solution yields bisulfite and thio
sulfate which subsequent undergo solution 
redox to yield (+61 and sulfur (zero!. One of 
few solution processes yielding sulfate . .  

Dilute S02 concentrated by absorption in 
molten salt as sulfite and reduced by H2 
(atomics) or coke roasting (garrett) to sulfide 
and hence H2S. Both processes feed Claus. 

Essentially Claus redox in solution with or 
without added catalyst. High boiling solvents 
preferred to accept hot gases without exten
sive cooling. 

Claus solution redox here catalysed by form
ing intermediate citrate complex of S02 for 
reaction with H2S. Catalytic H2S formation 
from natural gas and sulfur if no H2S in gas 
stream. 

Solution oxidation of H2S absorbed as thioar-
senite with arsenate/arsenite air regenerat-
able redox couple as oxygen carrier. Several 
similar systems involving inorganic redox cou-
pies (thylox, manchester, lacykeller (17, 181 
exist. 

Solution oxidatio·n of H2S absorbed as Bisul-
fide by two stage redox couple involving van-
adate and anthraquinone disulfonic acid as 
oxygen carriers. Takahax uses napthaquinone. 

A solution method for concentrating dilute 
S02 stream to rich feed for Claus by bisulfite 
formation, crystallization and thermal regen
eration. No reduction or oxidation in solution 
step. 

Preliminary gas phase catalytic hydrogenation 
all sulfur compounds to H2S followed by con
centration in amino acid salt solution to yield 
rich Claus feed. 

Preliminary gas phase catalytic hydrogenation 
all sulfur compounds to H2S for feed to Strat
ford. In particular COS and CS2 reduced. 

H2S rich tail gas water cooled to continue 
Claus and hydrolyze. COS and cs,, final H,s 
to Stretford. 

so, + M2C03(L) 

H:o} CLAUS r 
H,S + M,CO,<cl 

H,S + SJ, 

i 

Process Chemistry 

AJR 

� M,SO, + co, 
+ t"' "' WITURAL r,AS REFOR!i\TE 
OR COKE ROASTING 

-- M,S + 
1 STEAM + C02 

H2.o j C02 

l:!ffi,l Sill I CAI8! Y� l $ POLYGLYCOL SOLVOO ,w,-...�ooo) 

HSO� + If 
(HS03·H3Cn)-2 

CCMPLEX 

+ H,O 

3S + ll:!O + HjCn II,S 

lJS + CH4 + 2H20 "AL,-,"O,--Jj 

s + 

3H2S + !Gl2As03 -------> I<J-\2AsS3 + 3H20 
t • 

3KH21is03S + kH2As03 <--- !Gl2AsS3 + 3�\2As04 

1.5 02 <AIR) + 3$ 

H.2s + N.\z(Ol ---> 
N.\2V205 + lio\2003 + H,O 

IIEoox . 
PffiS6.(Q2) 

AIR 02 

H2S(H!GH), S02, CO$, CS2 � H2S + 002 + S 
COOLING � 

F!Jl:1HER Ci.Aus 

s � STRETfORD 
Source: Used by permission of the Oil & Gas Journal, August 28, 1972. 

2 4 8 
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Company 

Wellman
Power Gas 

Ralph M .  
Parsons 
Union 

Combustion 
Engineering 

USBM 

TABL E  63 

SUMMARY OF DESU LFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS 

Process 

Aqueous 
Scrubbing 
Na2SD3 

Beavan Process 
( Reduction/ 
Stretford) 

Wet Limestone 
Scrubbing 

Citrate Process 

Process Description 

S02 is reacted with Na2S03 in solution to form the bi-sulfite. 
When heated the pyrosulfite is formed, and is decomposed to 
produce S02 and solid Na2S03 which is redissolved and recycled. 

Na2SD3 + S02 + H20-2NaHS03 
2NaHS03�Na2S2D5 + H20 
Na2S2D5-Na2SD3 + S02 

Sulfur in Claus Plant tail gas is reduced in fixed-bed catalytic 
reactor to H2S. The H2S is recovered by the Stretford Process 
(chemistry shown below) 

H2S + Na2CD3�NaHS + NaHC03 
NaHS + 1/202�NaOH + S (using anthraquinone and 

vanadate reagents as catalyst) 
NaOH + NaHC03�Na2CD3 + H20 

Limestone is injected into furnace to remove S03 and some S02. 
GaO in wet scrubber completes S02 removal. 

Furnace: CaC03_____. GaO + C02 
CaD + SD2�Catp4 

Scrubber: 2Ca(OHI2 + 2SD2---1... CaS03 + CaS04 + 2H20 

Flue gas is contacted with a sodium citrate solution, forming a 
citrate-bisulfite complex. In a separate section the complex is 
then reacted with H2S to form sulfur and release the citrate for 
recycle. 

citr. + S02 + H20-(citr. HS03) 
(citr. HS03I + H2s-s + citr. + H20 

Status 

Several com
mercial units 
built 

Commercial 
unit under 
construction 

Several 
commercial 
units built 

Piloted on 
smelter gas 

Primary Application 

Flue gas, Claus 
plant and H2S04 
plant cleanup 

Claus plant cleanup 

Flue gas cleanup 

Flue gas, smelter 
gas or Claus plant 
cleanup 



N <n 
0 

Company 

Westvaco 

Stone and 
Webster 

UOP 

Foster
Wheeler 

J. F. 
Pritchard 

MW Kellogg 

TABLE 63 (CONT'D.) 

SUMMARY OF DESULFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS 

Process 

Activated Carbon 
Adsorption 

lonics 

Sulfoxel 

Bergbau
Forschung 
Activated Coal 
Coke Adsorption 

CLEANAI R 

KEL-S 

Process Description 

SOz is adsorbed on activated carbon and converted to H2S04 
in a fluidized bed .. I n  another section the H2S04 is converted 
to S with H2S. Part of the S is used to generate the necessary 
HzS. Other regeneration methods can be used. 

S02 + 1/202 + H20-H2S04 
H2S04 + 3H2S-4S + 4H20 

S02 is absorbed in NaOH, forming NaHS03 and Na2S03. These 
are reacted with dil.  HzS04, forming S02 and NazS04. An elec
trolytic cell is used to convert the Na2S04 to NaOH and H2S04. 

S02 is 'removed in an aqueous alkaline absorption system. The 
absorbent is then moved to a chemical section where the sulfite 
type material is catalytically converted to solid sulfur. Process 
is capable of removing sulfur to the level of a few ppm. The 
regenerated solvent is recycled to absorber. 

A moving bed process where S02 in the presence of H20 and 
and 02 is converted to H2S04 on the coke. Regeneration can 
produce H 2S04, S02 or throw-away product, depending on 
method used. 

A 3-stage process which consists of the following parts: Stage 1 -
a catalytic process to convert COS and CS2; Stage 2 - a_ proprietary 
process which removes about half the sulfur; Stage 3 - the Stretford 
process, which also removes about half the sulfur. 

Solid CaC03 in alkaline solution removes S02 in a modified venturi 
scrubber, forming CaS04, which is separated and can be discarded 
or regenerated as shown below: 

CaS04 + coke�CaS {in rotary kiln) 
CaS + H2s-ca (HS)2 
Ca IHS)2 + flue gas (C02)--CaC03 + H2S 

Status 

Pilot Plant 

Pilot Plant 

Demonstration 
unit under 
construction 

Unknown 

Several 
units 
contracted 

U nknown 

Primary Application 

Flue gas cleanup 

Flue gas or Claus 
plant cleanup 

Flue gas cleanup 

Flue gas cleanup 

Claus plant cleanup 

Flue gas cleanup 
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Company 

Atomics I nt'J. 
( North Amer. 
Rockwell Corp.) 

Chemical
Construction
Basic Chern. 
Company 

Monsanto 

Shell 

lnstitut 
Francais 
du Petrole 

Societe 
Nationale 
des Petroles 

Shell 

TABLE 63 (CONT'D.) 

SUMMARY OF DESULFURIZATION PROCESSES FOR FLUE GAS AND CLAUS UNIT TAIL GAS 

Process 

Molten Carbonate 

Chemica-Basic 
MgO 

Cat-Ox 

Shell Flue Gas 
Desulfurization 

I FP 

Sulfreen 

SCOT 
( R eduction/ 
Amine) 

Process Description 

S02 reacts with molten carbonate to form sulfites and sulfates. 
Solution is reduced with Hz and CO, then treated with COz and 
HzO to regenerate carbonate and prodUce HzS. 

S02 is reacted with magnesium oxide in a venturi scrubber to form 
magnesium sulfite. The sulfite is separated from solution and cal· 
cined to recover tlie S02 and regenerate magnesium oxide. 

S02 is oxidized to S03 over a vanadium oxide catalyst. The S03 
is absorbed in a circulating sulfuric acid stream to make 78% H2S04 
product. 

S02 is reacted with GuO (on alumina) to form CuS04 in a fixed-bed 
cyclic process. Regeneration with a reducing gas produces a concen· 
trated S02 stream and restores the copper. 

The Claus reaction {2H2S + S02-----.3S + 2H20l 
is carried out in an organic liquid. Process temperature is such that 
liquid sulfur is produced as a second phase. 

The Claus reaction is carried ou·t on activated charcoal to produce 
adsorbed liquid sulfur in a cyclic process. The sulfur is stripped 
with a hot inert gas. 

All sulfur compounds in the Claus tail gas (prior to incineration) are 
reduced to H2S in a catalytic reactor. The tail gas is then treated in an 
amine adsorber for selective removal of H2S for recycle to the Claus 
Plant. Treated tail gas is incinerated before discharge to the atmos· 
phere. Final effluent concentrations of <500 ppm can be obtained. 

Status 

Demonstration 
unit to be 
built 

One commer· 
cial unit built 

Commercial 
unit under 
construction 

Commercial 
unit under 
construction 

One commer
cial unit built 

Two commer· 
cia! units built 

Two commer· 
cial units built 

SOURCE: American Petroleum Institute Division of Refining, "Summary of Desulfurization Processes for Flue Gas and.Claus Unit Tail Gas," 
Paper presented at 37th Meeting of API, New York: May 9, 1972. 

Primary Application 

Flue gas cleanup 

Flue gas cleanup 

Flue gas cleanup 

Flue gas cleanup 

Claus plant cleanup 

Claus plant cleanup 

Claus plant cleanup 



TABLE 64 

AVERAGE VANADIUM IN 
MAJOR PETROLEUMS,* PPM 

0API 
gravity Venezuela Mid. East California u.s.t 

--

1 0  1 .000 - - -

1 5  320 - 1 60 -

20 205 - 88 59 

25 1 60 - 55 (35) 

30 100 56 (34) ( 16)  

35 42 (26) ( 17) ( 4) 

40 ( 1 0) (3.4) (4.8) 

Note: Parenthesis indicates metals may not be troublesome. 

*From Ouestions_on Technology graph (OGJ, Mar. 14, 1 966, p. 128).  
tu.s., excluding California 

Source: Oil & .Gas Journal. 

TABLE 65 

PRODUCTION AND PROPERTI ES OF 
MIDDLE EAST CRUDES 

Crude Reduced Crude 
Production Gravity, Gravity, 

Crude Source 1,000 B/D 0API 0API S, wt"/o (Ni + V), ppm 

Murban 564 39 24.9 1 .5 2 
Umm Shaif 93 37.4 - - -

Zakum 245 40 - - -

Khurais 22 33 14.6 3.3 31 
Sass an 1 37 33 18.3 3.3 33 
Kursaniyah 74 31 15.1  4.0 41 
Arabian light 3,257 35-36 18.3 3.0 42 
Zabair 83 35 18.1 3.3 43 
Rumaila 480 35 - - -

Kuwait 2,951 30·32 1 6.7 3.9 60 
Darius 1 00 34 12.8 4.7 61 
Ahwaz 285 32.8 17 - -

Kirkuk 1 ,097 36 1 5  - 80 
Agha Jari 838 34 1 6.6 2.5 1 1 0  
Marun 893 33.2 - - -

Paris 324 33.9 - - -

Ratawi 67 24 14.2 4.7 100 
Safaniyah 791 27 1 2 .7 4.26 102 

Source: Oil & Gas Journal. 

2 5 2  
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TABLE 66 

PROCESSING SEQUENCES FOR PRODUCING LOW-8ULFUR FUEL OIL MOST CHEAPLY 

% sulfur in % sulfur in Desulfurization of or by 
atmospheric fuel oil Atmos Vac vb Residue, Coker 

residue product � � � low metals � 
Low sulf. (under 1 .5) 1 .0 A 
Low sulf. (under 1 .5) 0.5 G G 
Low sulf. (under 1 .5) 0.3 v v v 
Med. sulf. ( 1 .5 · 3%) 1 .5 G G 
Med. sulf. ( 1 .5 · 3%) 1 .0 v v v 
Med. sulf. ( 1 .5 • 3%) 0.5 R R - R 
Med. sulf. (high V) 0.5 c c - - c 
Med. sulf. (high V) 0.3 c c - - c 
High sulf. (over 3%) 2.0 G G 
High sulf. (over 3%) 1 .5 v v v 
High sulf. (over 3%) 1 .0 R R - R 
High sulf. (high V) 1 .0 c c - - c 
High sulf. (high V) 0.5 R v - R 
High sulf. (high V) 0.3 c c - - c 

Note: 
A - Atmospheric distillation gas oil is desulfurized and mixed with the residue. 
G - Vacuum flashing produces gas·oils which are desulfurized and mixed with the residue. 

V -The residue of vacuum flashing is viscosity broken and the atmospheric, vacuum and viscosity broken gas oils are desulfuriz:ed. 

R - Vacuum flash bottoms are directly desulfuriz:ed as well as atmospheric and vacuum gas oil. 

C - The vacuum flash bottoms are coked and thr.ee gas oils (atmospheric and coke) which constitute the fuel oil are desulfuriz:ed. 

Source: Oil & Gas Journal. 
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TABLE 67 

COMMERCIAL DESULFURIZATION PROCESSES FOR FUEL OILS* 

Process Commercial Capacity 
Developed By Type Charge On-Stream or Planned ---

VGO lsomax Chevron Research Co. Vacuum Gas Oil 300,000 B/SD On-stream 
RDS, V R DS lsomax Chevron Research Co. Reduced Crudes None Reported 
H-Oil Cities Service Research and Atmospheric or 52,500 B/SD On-stream (3 Units) 

Hydrocarbon Res., Inc. Vacuum Residuum 
Go-fining Esso Research and Virgin and Cracked 390,000 B/SD On-stream 

Engineering Co. Gas Oils 580,000 8/SD Planned 
Residfining and Esso �esearch and Reduced Crudes None Reported 
Flexicoking Engineering Co. 

Gulf HDS, Types Gulf Research and Atmospheric Residuum 80,000 8/SD On-stream (2 Units) 
I, I I  and I l l  Development Co. 45,000 8/SD Planned (1 Unit) 
Heavy Gas Oi l  Gulf Research and Virgin and/or Cracked 70,000 8/SD On-stream (6 Units) 
Gulfining Development Co. Heavy Gas Oils 
I FP Resid. and Vac. Institute Francais de Reduced Crudes Two Units On-stream 
Gas Oil Hydrodesulf. Petrole Capacity Not Reported 
Resid. Ultrafining Standard Oil Co. ( I nd.) Reduced Crudes None Reported 
Vac. Gas Oil Standard Oil Co. ( I nd.)  Vacuum Gas Oil · None Reported 
Ultrafining 

RCD lsomax Univ. Oil Products Co. Not Reported 75,000 8/SD On-stream (2 Units) 
RCD lsomax Univ. Oil Products Co. Atmospheric Residuum 45,000 8/SD On-stream ( 1  Unit) 

* "A Special Report-Hydrodesulfurization Technology Takes on the Sulfur Challenge," by Leo Aalund, Refining Editor, 
The Oil and Gas Journal, September 1 1 ,  1972. 



APPENDIX G 

Comparisons of Tax Structures 

of Several Countries 



TABLE 68 

COMPARATIVE CORPORATE TAX RATES 
FRENCH CARI BBEAN-GUADELOUPE 

Corporate I nco me Tax 

Excess Profits Tax 

Dividend Tax {foreign shareholder) 

Typical Manufacturer's Tax Loadt 

Tax on Branch Profits 

Tax on Royalties 

Tax on Interest 1/ 

Normal Depreciation Allowances 

Loss Carry-forward 

Annual Tax on Capital 

General Sales or Turnover Tax§ 

Major Tax Incentives 

* In France 

50% 

None* 

5% - 25% 

36-2/3% 

40% 

0 . 5%, 24%t 

25% 

Straight line 
or accelerated 

5 years* 

Value added 
tax 

(On two-thirds of earned profits or.33-1/3% 
effective rate) 

(5% · 1 0% for a U .S.  shareholder) 

(Assumes all earning paid as dividend) 

(33-1 /3% company tax plus 6-2/3% for divi
dends to a U.S. holder) 

( 1 0% for interest paid from France to the 
U.S.) 

(Carry-forward's subject to negotiation) 

{ Registration tax of 0.25%, Real property 
transfer [ 1 7%] , Business tax) 

(Export sales from a refinery exempt) 

( It  may be possible to obtain a "custom-free 
zone" for unrestricted entry and exit of cer
tain items. "Privileged tax treatment status 
may allow: tax exemption on reinvested 
profits, cqrporate tax exemption in certain 
activities, job creation exemptions of taxes." 
Further tax incentives may be given to com
panies qualifying as "long-term tax regi mes.") 

t Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreign-owned subsidiary 
not benefiting from incentives. Computation assumes that Company has capital base (as defined by taxing country) of $1 million, 
earns pre-tax net income of $200,000 and declares gross dividend of $1 00,000 . 

.:j: France: Tax is generally withheld on royalties paid to non-residents at the rate of 24% on 70-80% of the royalties. The 
treaty with the United States provides that no tax is withheld on royalties on artistic, literary, or scientific copyrights and that 
royalties or other payments for the use of patents, trademarks and similar property and for know-how are subject to withholding 
tax at the rate of 5%. 

jj Tax on payments to foreign non-bank lender. 

§ Certain products may bear higher rates or be exempt. 
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Corporate Income Tax 

Excess Profits Tax 
Dividend Tax (foreign shareholder) 

Typical Manufacturer's Tax Load* 
Tax on Branch Profits 

Tax on Royalties 

Tax on I nterestt 

Normal Depreciation Allowances 

Loss Carry-forward 
Annual Tax on Capital 
General Sales or Turnover Tax:j: 

Major Tax Incentives 

TABLE 69 

COMPARATIVE CORPORATE TAX RATES 
U.S. CARIBBEAN-PU ERTO RICO 

22% plus 
9 - 18% surtax 
None 
1 5% or 29% 

42% 
22% plus 
9 - 1 8% surtax 

1 5% or 29% 

15% or 29% 

2.25 · 3% on 
buildings, 5 · 1 0% 
on heavy machinery 
5 years 
3% property tax 
Excise taxes of 
5 - 20% on "taxable 
price" of certain 
articles 

(29% rate applies to profits derived from ac
tivities other than manufacturing, shipping, 
or hotels) 

(On local source income only. Dividen.ds dis
tributed by parent company pay 1 5% or 
29% [see dividend tax] if 20% or more of 
parent's gross income is derived from Puerto 
R ico) 

(29% rate applies to profits derived from ac
tivities other than manufacturing, shipping, 
or hotels) 

(29% rate applies to profits derived from ac
tivities other than manufacturing, shipping, 
or hotels) 

(Flexible system may be used for hotel man
ufacturing, or construction) 

( Lower rates outside San Juan) 
(There is also a small, municipally levied li
cense (patente] tax based on annual gross 
sales) 

Qualifying firms are entitled to tax exemptions of 1 0 - 20 years, de
pending on location, including 1 00% exemption fror'n income tax, 
property tax, patent and other municipal taxes, and excise taxes 
(Sun Oil 's refinery received a 1 7  year exemption ) .  The law also pro
vides a choice of percentage tax deductions with a corresponding 
extension of the exemption (i.e., 50% for twice the time) . Dividends 
paid by tax exempt corporations are exempt from withholding tax if 
paid to bonafide residents or to foreign shareholders who are not 
taxed on such dividends in their country of domicile. In all other 
cases they are subject to the reduced 1 5% withholding tax. Capital 
gains from sales of stock in an exempted business are tax exempt 
during the exempt period. In addition, tax-exempt corporations 
may obtain a 1 0-year tax exemption on their export income to des
tinations other than the U.S. Cash grants are available in less devel
oped areas, based on employment. · Other operational and l icensing 
aids are provided. 

* Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreign-owned subsidiary 
not benefiting from incentives. Computation assumes that company has capital base (as defined by taxing country) of $1 million, 
earns pre-tax net income of $200,000 and declares gross dividend of $1 00,000. 

t Tax on payments to foreign non-bank lender. 

::t: Certain products may bear higher rates or be exempt. 
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Corporate I ncome Tax 

Excess Profits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on l nterestt 

Normal Depreciation 
Allowances 

Loss Carry-forward 

Annual Tax on Capital 

General Sales or Turnover 
Taxt 

Major Tax Incentives 

TABLE 70 

COMPARATIVE CORPORATE TAX RATES 
BRITISH CARI BBEAN-JAMAICA 

35%, plus 37.5% 
"additional" com· 
pany profit 

None 

1 2.5% on first 
$850 (Jamaican). 
37.5% on rest 

39% 

45% 

1 2.5% 

1 2.5% 

2.5 - 5% on buildings, 
7.5 - 1 0% on f!lachinery, 
20% on vehicles 

6 years 

None 

Excise taxes on 
certain products 

Ful l or 50% exemption 
for 1 0 - 1 5  years, de
pending on location 

(Wholly-owned foreign subsidiaries deduct 
the regular 35% company tax and 26% of 
their taxable income before calculating· the 
37.5% "additional" company profits tax) 

(37 .5% income tax is paid by company on 
behalf of shareholders, and credited against 
the 37.5% "additional" company- profits 
tax) 

(Also 20% initial al lowance in year of invest
ment) 

* Aggregate burden of taxes on corPorate income, .excess profits, dividends arld capital, for a wholly foreign-owned subsidiary 
not be-nefiting from incentives. Computation asSumes that company has capital base (as defined by taxing country) of $1 million, 
earns pre-tax net income Of $200,000 and dedares gross dividend of $1 00,000. 

t Tax on payments to foreign non-bank lender. 

:j: Certain products may bea·r higher rates or be exempt. 
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Corporate Income Tax 

Excess Profits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on l nterestt 

Normal Depreciation 
Allowances 

Loss CarryMforward 

Annual Tax on Capital 

General Sales or Turnover 
Ta4 

Major Tax I ncentives 

TABLE 71 

COMPARATIVE CORPORATE TAX RATES 
CANADA (EAST)-NEW BRUNSWICK, NEWFOUNDLAND 

50% 

None 

1 0 . 1 5% 

53 . 56% 

50% . 15% 

1 5% 

1 5% 

Straight line 
and accelerated 
20% machinery 
30% vehicles 
1 0% wooden buildings 
5% other buildings 

5 years 

None 

(To be reduced to 46% at 1 %  per year. Half 
of capital gains are included in taxable in
come. A 7% rebate of corp. tax is allowed 
in 1972). Plus 1 3% Newfoundland; 10% 
New Brunswick (may be credit against fed
eral rate up to 10% in some cases) 

(To be increased to 25% in 1976 unless ex
empted by treaty. The 1 0% rate applies to 
resident Canadian companies meeting cer
tain standards) 

(Differs from "normally" corporate income 
tax in that the equivalent dividend tax is 
charged immediately on income in excess 
of prescribed allowance resp�cting increased 
investment in property in Canada) 

Federal sales tax 1 2% . . Excise tax on luxury items. Provincial sales tax: 
8% New Brunswick; 7% Newfoundland. {Sales and excise taxes are rebated 
on exports but generally add�d to imports) 

Just about all provinces will supply capital funds for worthwhile undertak· 
ings. Terms and conditions vary. The best results come from personal 
contact with provincial authorities. Newfoundland makes loan guarantees 
and offers lower power rates {2.5 mills) for large users. New Brunswick 
makes loans for machinery and equipment and builds plants of leaseback 
basis. The Federal Government grants 99% drawbacks of duty on materi· 
als and components that are imported for subsequent exports in finished 
goods. Also available depreciation deferral or acceleration, tariff conces� 
sions, cash grants {oil refining not eligible) R & D incentives. 

• Aggregate burden of taxes on corporate income, excess profits, dividends and capital, for a wholly foreignMowned subsi· 
diary not benefiting from incentives. Computation assumes that company has capital base {as defined by taxing country) of 
$1 million, earns pre-tax net income of $200,000 and declares gross dividend of $1 00,000. 

t Tax on payments to foreign non-bank lender. 

:j: Certain products may bear higher rates or be exempt. 
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Corporate Income Tax 

Excess Profits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on Lnterest 

Normal Depreciation 
Allowances 

Loss Carry-forward 

Annual Tax on Capital 

General Sales or 
Turnover Tax 

Major Tax I ncentives 

TABLE 72 

COMPARATIVE CORPORATE TAX RATES 
BAHAMAS 

None 

None 

None 

None 

None 

None 

None 

Does not apply 

Does not apply 

A nominal real property tax, based .on 1 2-1/2% of the assessed rental value 
on property in New Providence. Annual $250 fee. 

A �d sales tax on gasoline only. I mport duties are high on non-essential 
items. Jhe normal ad valorum rate is 20%. An additional emergency rate 
of 7-1/2% is also applied. Many items of machinery, tools, equipment and 
necessary raw materials are exempt. Approved manufacturers are exempt. 
Stamp taxes are imposed on various documents. 

Not�: There is no tax treaty with the United States avoiding double tax· 
ation. Bahamas and the United States do not have a bilateral agreement 
providing an investment guarantee covering war, expropriation or inconver· 
tibil ity of currency. As a member of the British Commonwealth, the Ba· 
hamas. gives preference· tariff rates to i mports froin Britain and other 
Commonwealth countries. 

Attractive long term leases. C�pital gains exemptions. Excise tax, custom 
duty and stamp tax exemptions. 

* Based on $2.00,000 income and $1 00,000 dividend. 
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Corporate Income Tax 

Excess Profits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on I nterest 

Normal Depreciation 
Allowances 

Loss Carry-forward 

Annual Tax on Capital 

General Sales or 
TurnOver Tax 

Major Tax I ncentives 

TABLE 73 

COMPARATIVE CORPORATE TAX RATES 
TRI N I DAD AN D TOBAGO 

45% 

None 

1 0  - 30%. There is a 30% tax withheld on distributed profits to non� 
residents. If a Trinidad company makes a distribution to a non-resident 
parent company, the rate is reduced to 1 5% ( 1 0% in the United States). 

50% 

30% withholding tax is charged on non-resident company's branch profits 
whether remitted or not. 

15% 

15% 

2-1/2% - 5% industrial buildings. 10 - 20% machinery and equipment. 
25% vehicle. 

Trading losses may be carried fo'rward indefinitely and setoff against sub
sequent profits. However, the amount of the setoff in any one year is 
l imited to one-half of the taxable profits. 

Nominal registration tax. 

No sates tax. · Purchase 'tax 3 - 45%. Excise taxes are applied on domestic
ally produced gasoline and kerosine. 2% real estate conveyance tax. 
I mport duties. 5% unemployment tax. 

Note: There is a tax treaty with the United States avoiding double tax
citiori·. Trinidad and Tobago have a bilateral agreement with the United 
States ·prbvidirig an investment guarantee covering war, expropriation and 

· inconVertibility of currerit:y. There is a 5-year tax exemption from the 
date of 'iriitial production· for new industries in the majority of cases. The 
eXemption may be extended s· more years by special legislation . .  Com
mencing January 1 ,  1 969, the tax- holiday for new "Pioneer Industries" in 
normal cases was reduced from 5 to 3 years and a system of graduated 
corporate tax rates became· effective upon expiration of the tax· holiday. 
Under revised guidelines some areas were exempted from 1 00% foreign 
participation. Some foreign operations were forced to give Trinidadians 
the opportunity to get equity positions and learn al l  aspects of the busi
ness operations. An export allowance is given on increa�ed exports. 

* Based on $200,000 income and $1 00,000 dividends. 
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Corporate lncqme Tax 

Excess Piofits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on I nterest 

Normal Depreciation 
Allowances 

Loss Carry-for!J�fard 

Annual Tax on Capital 

General Sales or 
Turn<;>ver Tax 

Major Tax I ncentives 

TABLE 74 
. 
COMPARATIVE CORPORATE TAX RATES 

VIRGI N ISLANDS 

. Tax�s are ba.sed basically o� U.S. code. 

Taxes are based basically On u:s. code. 

Taxes are based basically on U.S. code. 

Taxes are based basically on U.S. c.ode. 

Taxes are based basically on U.S. code. 

Taxes are based basical ly on U.S. code. 

Taxes are based basically on U.S. CC?de. 

Taxes are based basically on U.S. code. 

Taxes are basep basically on U.S. code. 

Property tax 1 -Y4% rate o"n 60% ma"rket value. 

6% import tax (90% rebates possible). Excise tax 2 · 1 0% ( 1 00% eximip· 
tion al lowed). Gross receipts tax .. 2%. Stamp tax 0.1 % - 1 % .  Gasoline 6d! 
gal. I mport 3 - 1 0% _including LNG, fuel oi l .  

No industrial I ncentive Act is in  force today, the previous act expired 
Decemoer 1 970: Expected reinstatement in 1972 may inClude: ( 1 )  90% 
subSidy b8sed a·n import' duti'es leVied on goods necessary for producing or 
creating an articie; (2) no�-taxable subsidy equal to 75% of the income tax 
liabil ity; (3) non·taxable subsidy equal to 75% of the income tax liabil ity 

, ·an dividends for stockholders of exempt corporations, providing the stock
holder is a bonafide ,resident· of the Virgin Islands; {4) real property tax ex
emptiori; (5) . exe.rTiptio.n ·of e"xcis� (local) taxes on materials used in con
Struction and OpBrcition Of ·exerriPt business; (6) exemption of all annual 
or specific l i�Emses. Busine�s must be created in Virgin Islands. 

* Based on $200,000 income and .$1 0o",OOO dividends. 
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Corporate I nco me Tax 

Excess Profits Tax 

Dividend Tax 
(foreign shareholder) 

Typical Manufacturer's 
Tax Load* 

Tax on Branch Profits 

Tax on Royalties 

Tax on I nterest 

Normal Depreciation 
Allowances 

Loss Carry-forward 

Annual Tax on Capital 

General Sales or  
Turnover Tax 

Major Tax I ncentives 

TABLE 75 

COMPARATIVE CORPORATE TAX RATES 
NETHE RLANDS ANTILLES (ARUBA AND CURACAO) 

27 - 34% + 1 5% surtax (graduated tax rate) irriposed in Aruba and Curacao. 

Petroleum refining companies established in the Netherlands. Antilles pay 
a profits tax on their Anti.lles operation equal to 61¢ per 1 ,000 kilograms 
of products shipped. 

0 - 5% 

31 - 39% 

? 

None? 

None? 

10% on machinery and equipment. 

5 years (a loss sustairled in the first 6 years of operation can be carried for
ward indefinitely.) 

Minor registration fee. 

No sales tax. Minor stamp tax. Various real estate use, transfer and rental 
taxes. Free zones exist for entry and exit of goods. 

Note: There is a treaty _with the united States avoiding double taxation as 
a res!J.It of the extension of the treaty with the Netherlands ratified in 
1 948. Netherlands Antilles and the U nited States have a bilateral agree
ment providing an i_nv�stment guarantee covering expropriation and incon
vertibili_ty of currency under an arrangement with the Netherlands to in
clude her territorial dependencies. The absolute rate of profit tax charged 
investment, rental and" holding coffipanies during their first year of oper
ation cannot be "raised during the 1 0  years immediately following. Profits 
of enterprises operating in the· Curacao free zone until January 1 ,  1 98 1 ,  
only pay 1/3 of the normal tax as long as the products d o  not physically 
pass through the free zone or the Netherlands Antilles or 1 3.03% if the 
profits have not been derived from domestic sales. 

* Based on $200,000 income and $1 00,000 dividend. 
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APPENDIX H 

A Case Study of Environmental 

Drain on Capital 



A CASE STUDY OF ENVI RONMENTAL DRAI N  ON CAP I TAL 

The requirement for  cap i tal to be i nvested in nonincome p r o 
duc ing fac i l i t i e s  due t o  regulations o r  s tandards inp o s e d  tipon the 
refining indus t ry is o ne o f  the reasons for the s ho rtage o f  re fining 
capac i ty . To demons trate the magni tude o f  this drain on available· · 
capi tal , a specific s i tuation has �een examine d .  

This mid- cont inent refinery has a .nominal crude capacity · o f 
8 5  MB/CD charging a mixture of crudes brought .in by p ip e l ine from ' · · . 

west Texas , Okl ahoma , Kans as , Montana and Wyoming . Refine ry p :r:o,ce�.�:;1o<. 
equipment cons i s ts o f  crude des a l ting , crude dis t i l l a tion, a vacllu]ri ·· 
unit charging a tmospheric topped c rude , a fluid cataly tic cracke r , •  · 
a catalytic reformer , an alkylation uni t ,  a s traight - run dis til l a te 
hyd rodesul fur i zation uni t ,  l ight e nds recovery and s eparation uni ts ,  
various gas and l iquid t reaters , a s u l fur p l ant , gaso l ine and dis 
t i l l at e  b l enders , s team boil e rs and tankage .  The p l �nt fuel s upply 
cons i s ts o f  heavy fuel o i l , purcha s ed ' natural gas and pl ant r e s i due 
gas . The p ro duct s l a t e  pro duced i ncludes LPG , gasol ine , j et fuel s ,  

· dies e l  fue l , dis tillate  fuel o il s , heavy res i dual fuel o i l , asphalt 
and road o i l s  and sulfur . · 

I n  o rder tci �ee t  p rop o s e d  EPA requi rements for 1 9 7 5  ga�o l ines , 
a l ong with 1 9 7 5  a i r  and water qual i ty s tandards , addi t io ns to o r  
revis ions o f  process  equipment w i l l  b e  neces sary . The neces s a ry 
changes , l is te d  b elow along with e s t imated cap ital requi rements 
( 1 9 7 0  do l l a rs ) , are summari z e d  in Tab l e  7 6 . 

CHANGES REQUI RED TO MEET 1 9 7 5  EPA REQUI REMENTS 

P ro duce Lead- Free Mo tor Fuel - - 9 2 . 3  RON C l e ar Pool 

• Repl ace bauxite  desul furi zation uni t  o n  
. catalytic reformer charge w i th a hydro -
· de s ul furi zation unit $ 3 , 4 0 0 , 0 0 0  

• Rev i s e catalytic refo rme r to produce 9 7  
RON c l ear reformate a t  the maximum charge 
rate  by a dding a fourth reactor and a new 
heat e r . Uni t l imited to about 9 0  RON clear 
o r  l e s s  $ 1 , 4 7 0 , 0 0 0  

• Revi s e  alkylation uni t  to imp rove alkylate  
RON $ 3 , 8 0 0 , 0 0 0  

• Install  c 5 - c 6  i s omeri zation unit to 
conve rt all N C5 to I C5 and i s ome r i z e  c 6 • s  
once through · 

• To tal I nves tment 
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$ 7 , 2 0 0 , 0 0 0  
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TABLE 76 

EXAMPLE REFIN ERY I NVESTMENT REQUIRED TO MEET 
1 975 ENVI RONMENTAL STANDARDS 

Period 1968 - 1 975 

Base Crude Slate International Crude 
I ncr.emental 

Investment Mfg. Exp. I nvestment 
($M) ($/Bbl Crude) ($M) 

Lead Free Motor Fuel 1 5,870 0.148 15,870 
Air and Water Quality 6,792 0.016 7,390 
Low-Sulfur Distillate 2,2 1 0  0.006 2,600 
Low-Su lfur Heavy Fuel Oil 8,800 0.046 
Heavy Oil FCC 1 7,000 

Total 33,672* 0.216 42,860 

Capital Charge Rate, DCF 1 5% 10% 15% 
Incremental Manufacturing 

Expense ($/Bbl Crude) 0.21 6  0.2 1 6  0.235 
Capital Charges ($/Bbl Crude) 0.364 0.260 0.463 
Additional Cost of Crude 

Transportation 0.270 
I ncreased Revenue Required 

($/Bbl Crude) 0.530 0.476 0.968 

0 
* Assuming new refinery capacity costs $2,200 per daily barrel, $33,672,000 would buy 1 5.3 MB/CD 

of refinery capacity. 

Me e t  1 9 7 5  Amb i ent A i r  Qual i ty 

I ncremental 
Mfg. Exp. 

($/Bbl Crude) 

0.148 
0.017 
0.008 

0.062 

0.235 

1 0% 

0.235 

0.332 

0.270 

0.837 

The 1 9 6 8  refinery confi guration was as  fol lows : smo ke l e s s  
flares , a CO bo i l er a n  the fluid catalytic cracke r ,  a n  a c i d  gas 
amine s c rubber o n  the refinery res i due gas , a s ul fur p l ant and a 
mo l ecul ar seal on the c rude uni t flare s tack . 

The following i t ems wi l l  be required to mee t  1 9 7 5  a i r  qua l i ty 
s tandards : 

• Improve operation o f  electrical  precipitator 
on catalytic cracker $ 

• I ns ta l l  c a ta ly s t fine s  dispo s a l  s y s t em o n  
catalytic cracker 

• Install s o o t  bl owers on CO b o i l er 

• Mo dern i z e  s te am b o i l er contro l  sys tem 

• Improve dispo s a l  facilities  fo r s o ur 
water s t r ipper overhead gas 
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$ 

$ 

$ 

$ 

7 0 , 0 0 0  

6 0 , 0 0 0  

5 0 , 0 0 0  

2 4 , 0 0 0  

5 0 , 00 0  



• Hydrocarbon control s - - cover A P I  
s ep a rat o r ,  l oading rac·k vapor reco very 
s y s t em ,  inner floating roofs for c e rtain 
tanks 

• Odor control as needed 

• Control sulfur emi s s ions at cat cracker 
( an amount s hown even though the process  
i s  no t commercially p roven in this 
appl i cation) 

• To tal I nves tment 

$ 5 0 0 , 0 0 0  

$ 5 0 , 0 0 0  

$ 3 , 5 0 0 , 0 0 0  

$ 4 , 3 04 , 0 0 0  

New units to be added will  h ave any necessary air  pollution 
control equipment included a s  a part  of the capital requirement . 

Meet  1 9 7 5  Water Effl uent Qual i ty 

The 1 96 8  ref inery configuration was as  fol l ows : pollution 
control facil i ties for was te water which included air flo tation ,  
centr i fuges and a s o ur water s tripper . Add i t io nal items required 
to  meet  1 9 7 5  water qua l i ty s tandards are as fol l ows : 

• Imp rove s ewers in certain areas 

• Install  biological treatment for  
was t e  water 

• Segregation and handling of s t o rm water 

• Segregate s anitary sewage and pump t o  
trea tment sys t em 

• Reduce fluorides 1n waste water 

• I n c inerator for he avy o i l s  and s ludges  

• Total  Inves tment 

• Total  I nves tment for Air and Water 

Produce L ow - Sulfur Disti l l ate 

$ 3 8 , 0 0 0  

$ 1 , 5 0 0 , 0 0 0  

$ 3 5 0 , 0 0 0  

$ 1 5 0 , 0 0 0  

$ 1 5 0 , 0 0 0  

$ 3 00 , 0 0 0  

$ 2 , 4 8 8 , 0 0 0  

$ 6 , 7 9 2 , 00 0  

Thi s w i l l  r equire the ins tallat ion o f  a l ight cycle o i l  
hydro de s u l furi zat ion un i t  s ince t h e  F C C  l i ght cyc l e  o i l  i s  
the  only d i s t i l l ate str eam not  hydrodesulfur i z e d .  Thi s wi l l  
require a 1 0  MB/CD un it . 

$ 2 , 2 1 0 , 0 0 0  
Produ c e  L ow-Sul fur Fuel Oil - - 0 . 5  P e rcent 

P r oduc t i o n  of low- sulfur o i l  w i l l  requ ire the install ation 
of r e s i duum hydrodesulfur i z at ion faci l i t i e s . This would require 
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a uni t  capab le o f  charging about 7 MB/CD o f  res i dual fuel with the 
b a s e  crude s l ates . Als o ,  a 4 million s tandard cub ic feet per day 
(MMS C F/D) hydro gen p lant ( s team naphtha) , amine s crubber to recover 
H z S  and a 1 7  long t ons per day ( LT/D) s u l fur p lant with tail gas 
s crubbing will  be required . 

• Re s i duum hydrodesulfur i za t i on 

• H z  p l ant 

• Amine s crubber and sulfur p l ant 

• Tail gas s crubbing for sulfur unit 

• Total Investment 

$ 6 , 3 5 0 , 00 0  

$ 9 0 0 , 0 0 0  

$ 1 , 3 0 0 , 00 0  

$ 2 5 0 , 0 0 0  

$ 8 , 8 0 0 , 0 0 0  

A hydrogen p l ant w i l l  b e  nece s sary s ince the o ther three hydrode 
sulfurizat ion uni ts - -naphtha , s traight- run d i s t i l l ate ·and light 
cycle o i l - -wi l l  consume most o f  the reformer hydrogen . 

P ROCESS I NTERNAT I ONAL CRUDE SUCH AS ARAB IAN L I GHT 

S ince i t  app ears that the supp l y . of dome s t i c  crude wi l l  
d e c l in e ,  i t  wa s a s s umed that eventua lly an int e rnational crude , 
such as  Arab i an L ight , will  b e  avai lable t o  rep lace domes t i c  
crude . This w i l l  require s ome addit i onal he avy ends process ing 
equipment s ince the Arab i an Light crude has mo re 1 , 0 5 0 ° F+ materi a l  
and more sulfur than t h e  b as e  crude s late . 

. One p o s s i b i l i ty woul d b e  t o  make asphalt and road o i l s · out 
of a l l  the resi duum p roduced . This would require an increase in 
vacuum uni t  capacity  and addi tional storage and b lending fac i l i t i es . 
This would pro duce about 1 3 . 2  MB / CD ( 1 9 5  MM gallons per year) o f  
asphalt and road o i l s . Th is is  2� t imes t h e  b a s e  c a s e  op eration , 
s o  p robab ly is  not  a feas ible  pro ce s s ing procedure . 

Ano t her p o s s i b i l i ty would b e  t o  . in s tall  a r e s i duum hydrode 
sul fur i z ation un i t  charging 1 1 . 9  MB / CD o f  res iduum and produc ing 
a l ow- sulf1.1r ( 0 .  5 p ercent) heavy fue l o i l . B e s i des the .  res iduum 
hydrodesulfur i zat ion un i t ,  an 8 MMSCF/D hydrogen p l ant ( s team · 
n aphtha) , an amine s crubb er for H2 S r ecovery , and a 6 5  LT/ D . sulfur 
p l ant with a sulfur p l ant tail gas c l e an - up unit would b e  requi red . 

• Res iduum hydrodesulfur i zat ion 
(uncer t a in t echnology) 

• Amine s crubb er and sul fur p l ant 

• Tail gas s crubber for sul fur un i t  

• Hz p l ant 

• T o t al I nves tment 
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$ 8 , 7 0 0 , 0 0 0  

$ 2 , 7 5 0 , 0 0 0  

$ 5 0 0 , 0 0 0  

$ 1 , 3 0 0 , 0 0 0  

$ 1 3 , 2 5 0 , 00 0  



This much fue l  o i l ,  as with the asphalt proce s s in g ,  far 
exceeds base case operation.  It  would require s hipping the  he avy 
fuel o i l  great dis t ances out o f  the are a ,  which make s this proce s s 
ing scheme uneconomi cal . 

A third p o s s i b i l i ty would b e  to ins tall  a heavy o i l  fluid 
cat cracking ( FCC) un it charge 1 5  MB /CD of r e s i duum and topped 
crude . This is  a fluid cat cracking un it des igned to convert 
t opp ed crude into l ight ends , g a s o l ine , dis t i l l a t e  and coke with 
th e l i quid p roducts h aving a l ower sul fur content than the r aw 
char g e .  This uni t  would require s ome kind o f  so2 re covery equip 
ment on the regenerator flue gas s tream .  

• He avy o i l  FCC unit 

• Contro l sulfur emis s i ons 

• Tot a l  Inve stment ( an amount shown even 
through the proce s s  is not commercially 
proven for this app l i cation). 
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$ 1 2 , 0 0 0 , 0 0 0  

$ 5 , 0 0 0 , 0 0 0  

$ 1 7 , 0 0 0 , 0 0 0  
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GLOSSARY 

a d d i t i v e s - - any materials incorporated i n  finished petroleum products 
f o r  the purp o s e  o f  improving their performance in exist ing app l i 
cations or f o r  b ro adening the areas o f  their ut i li ty .  

a l ky l a t e - - a  synthe t i c  gas o l ine o f  h i g h  octane number us ed in aviat ion 
and motor gasoline produced from an o le f in ahd i s op araffin . 

a l kyl a t i o n - - a  refinery pro ces s  f o r  chemi cal l y  comb ining i s op ar affin 
with  olefin hydrocarb ons . The p roduct , alky l at e ,  has high o�tane 
value and i s  b lended with motor and aviation gaso l ine to improve 
the an t iknock value o f  the fue l .  

a l u m i n a - - a  naturally occurring typ e o f  c l ay containing a high 
p ercent of hydrated aluminum oxide commonly referred to as 
b auxite . A l s o  a synthe t i ca l ly p r o duced hydrated aluminum 
oxide o f  high purity.  Us ed in refining proce s s e s  as a drying 
agent and as  a support for certain catalys t s . 

amb i e n t - - a  term usually referring t o  surrounding condit i ons . 

ami n e - - a clas s o f  o r ganic compounds o f  nitr ogen that may be cons id
e red as  derived from ammoni a  ( NH , ) . ) 

a n a l o g c o m p u te r - - computer that operates with numbe r s  represented by 
directly measured quantities . 

a n t i k n o c k - - a  qua l i ty to reduce auto ignit ion knock in g a s o line engines . 

0 A P I g ra v i ty - -Ame ri can Petroleum I n s t itute gravi ty i s  an expre s s i on 
of the dens i ty o r  the we ight o f  a uni t  vo lume o f  material when 
measured at a temp erature o f  6 0 ° F .  

a rom a t i c hydroc a r b o n s - -hydro car bons character i z e d  by the presence of 
a s ix-membe re d ,  uns a turated r ing s tructure of carb on atoms . Ex
amp l e s  inc lude ben zene , · toluene and xylene s .  

a s h - - the amount of nonvolatile material left after c omp l e t e  burning 
of the o i l .  

a s p h a l t c e me n t - - a  ref ined aspha l t , or comb inat ion o f  re fined asphalt 
and flux , of suitab le cons i s tency f o r  p aving purpo s es .  

b a s e  o i l - - a  ref in ed o r  untreated o i l  used in comb ination with o ther 
o i l s  and additives t o  produce lubricants . 

b e n z e n e - - c l ea r ,  colorles s ,  extremely f l ammab le l iqui d o f  mole cuJ.ar 
weight 7 8 . 1 1 found as a h igh o c t ane component o f  catalytic 
re formate . Used  i n  organic synthes i s  and as  a s o lvent . 

b i o d e g r a d a b l e d e t e rg e n ts - - detergents sus cept i b l e  to destruct ion by 
bacteria e s p e c i a l ly in s ewage treatment p l ants . 
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b l e n d i n g - - th e  process  o f  mixing two or more o i l s  having different 
proper ties  to o b t ain a f inal blend having the des ired charact e r 
is t i c s . This can b e  ac comp l i s he d  " o ff- line" a s  a b at ch proce s s  
o r  automated " in- l ine" as  part o f  the cont inuous f low o f  a refinery . 

b r i g h t  s t o c k s - - high v i s c o s i ty , ful ly ref ined and dewaxed lubricating 
o i l s  produced by the treatment of res idua l s t o ck s  and used t o  
compound motor o i l s .  

b u t a n e - - a  hydrocarbon of the p araffin series , cons i s t s  o f  4 carb on 
atoms and 1 0  hydrog en at oms . A naturally occurr ing component o f  
crude o i l  and natur a l  gas  a s  produced at t h e  wel l . A g a s  a t  room 
t emperature and atmo spheric  pres sure . Us ed in motor fue l ,  as  
p etrochemical feedstocks , and as LPG (bot t l e  gas) . 

b u ty l e n e - - a  hydrocarb on o f  the o l e fin s eri es , cons i s t s  o f  4 carbon 
a toms and 8 hydrogen atoms . A pr oduct o f  a cracking operation 
and a gas at amb i ent t empe rature and atmospheric p res sure . May 
b e  used as a component of motor fue l ,  feed to an -alkylat ion un i t ,  
o r  in pe trochemi ca l operations . 

c a r b o n  mo n o x i d e - - co l o r l es s , odorle s s , very t oxic  gas f ormed as a 
p ro duct o f  incomp l e t e  comb us t ion of carb on (as  in water gas and 
producer gas , exhaus t  g a s e s  from internal combus t i on eng ine s ) . 

c a r b o n  r e s i d u e - - the _amount o f  carbon aceous material l eft after 
evaporation and pryoly s i s  of an o i l .  

c a ta l y s t - - a  substance cap a b l e  o f  changing the rate o f  reaction 
wi thout itself  undergoing any net change . 

c a t a l y t i c c r a c k i n g - - a  refinery pro c e s s  that converts a high b o i i ing 
range fr action of p e tro leum (gas  o i l )  to gasoline , o l e fin fe e d  
f o r  alkylat ion , d i s t i l l ate , fue l o i l  and fue l g a s  by use o f  a 
catalyst and high temp e ratur e .  

c a t a l y t i c  c ra c k i n g  u n i t - - a  ref inery p roces s un i t  that converts a 
hig h b o i l ing rang e frac t i on o f  p etro leum (gas o i l )  t o  gaso line , 
o l efin feed for  a l ky l at i o n ,  di s t i llate , fuel o i l  and fuel gas  
by use o f  a catalyst  and high temp eratur e .  

c a t a l y t i c h y d ro r e f i n i n g - - a  refining p ro c e s s  that rep l aces  sulfur 
and nitrogen in h i gh b o i l ing point r ange fraction of petroleum 
( s uch as res i dual fue l s , h e avy gas o i ls and catalyti c  cracking 
and recycle feeds t o ck s )  with hydrogen by use of a catalys t ,  
h i gh temperature and a h i gh ratio o f  hydro gen t o  fee d .  

c a t a l y t i c  h y d r o t r e a t i n g - - a  r e f ining process  that replaces sulfur 
and ni trogen and s atur ates inte rme diate range b o i l ing p o int 
fracti ons o f  petroleum ( such as catalyt i c  re former fe edstock s , 
nap htha and s t r aight - run di s t i l l at e s )  with hydr ogen by us e o f  
catalys t ,  high temp e r at ur e  and a h i gh r at i o  of hydrogen t o  
fe e d .  
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c a t a l y t i c  r e f o rm i n g - - a  catalytic process  us ed t o  imp r ove the ant i 
knock qual ity o f  low o ctane g a s o l ine b y  c onve r s i on o f  naphthenes 
( such as cyclohexane) and p araffi ns into higher octane aromatics 
s uch a s  b en z ene , toluene and xy l en e s . 

c e ta n e  i n d e x  or c e t a n e  n umber - - a  t erm indicat ing quality of diesel  
fue l as  octane numb er indicates a qual ity of g a s o l ine . 

c h e l a t i n g  a g e n t s - - a  metal deactivat ing addi t iv e  that chemical ly 
c omb ines wi th a metal t o  make it  inact ive . E sp e c ially  useful 
where metals  may b e  presen t  in extr emely sma l l  quant ities . 

c l ea r  o c t a n e - - t he octane numbe r  o f  a g a s o l in e  before the ad dition 
o f  ant iknock addit ives such as TEL or TML . 

c l o u d  po i n t - - the t emperature at wh i ch paraf f in wax or other s o l id 
sub s t ances begins to crys t al l i z e  o ut or s ep arate from s o lution 
whe n  an . o i l  i s  ch i l led under s p e c ified  c ondi t i ons . 

c o b a l t - - a  t ough ,  lustrous , s i lver - whi te metal related t o  iron and 
n i cke l .  I n  ref inery u s e ,  cob a l t  oxide i s  c omb ined with mo l yb denum 
oxide t o  make a catalys t  used in hydrodesulfur i za t i on units . 

c o k e - - t h e  s o l id r e s idue r emaining after the destruct ive distil lat ion 
o f  crude p e trol eum or r e sidua l f ractions . 

c o k i n g - - d i s t i l lation to dryness  of a p roduc t containing complex 
hydro carbons , whi ch break down in s tructure during dist i l l at i on , 
such a s  t ar or crude p e troleum . The r e s i due o f  the proce s s  i s  
c oke . 

comp o u n d - - chemically speaking , a d i s t inct substance  formed by the 
comb ina t i on of two or more elements in definite proport ions by 
we ight and p o s s es sing physical and chemical properties different 
from those  of the comb ining e lemen ts . 

c o n v e rs i o n - - the chemical change o f  one mater i a l  into another t hrough 
chemical proce s s e s  such as crack in g ,  polyme r i z at ion , alkylat i on ,  
hydrogena t i on and i s ome r i z a t ion . 

c r a c k i n g - -p r o c e s s  carri ed out in a ref inery reactor in which the  
large m o lecules in  the charg e s t ock are  br oken up into smal ler , 
l ower b o i l ing , s table hydro carbon molecu l e s , which leave the  
v e s s e l  overhead as  unf inis hed cr acked g a s o l ine , keros ines and 
gas  o i l s . At the s ame t ime , certain of the uns table or reactiv e  
mo lecul e s  i n  the char g e  s t o ck combine t o  form t a r  or coke bottoms . 
The cracking react i on may b e  carr i ed . out wi t h  heat and pres sure 
( therma l cracking) or in the p r e s ence of a catalyst ( catalyt i c  
cr acking ) . 

c ra n k c a s e  '' b l owby '' - - eng ine combus t i on gases  that do not leave the 
cylinder through the exhaus t manifold  but l eak into the crank
c a s e . 
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c r ud e  u n i t - - fir s t  proce s s ing equipment wh ich crude o i l  reaches after 
it ente rs a refine ry . Sep arate s the crude o i l  into at least four 
di fferent b o i l ing range fractions . The four b o i l ing ranges would 
b e  gas o l ine , d i s t i l l at e ,  gas o i l  and t opped crude . 

c ry o ge n i c  f u e l - - a  fue.l th at mus t  b e  maintained at extremely low 
t emp eratures to  r emain liqui d ,  i . e . , l ique f i ed hydrogen ,  methane , 
propan e ,  e t c .  

cyc l e  s t o c k - - unfinished pro duct taken from a stage o f  a refinery 
p r o ce s s  and r e ch arged t o  the process  at an earlier p eriod in 
the operation.  

cy c l o n e  s e p a r a to r - - a  me chanical  device for separat i on o f  l iquid or 
s o l i d  p ar t i c l e s  from a gas stream by use of centr ifuga l  force . 

d e a c t i v a t o r s - - a  chem ical  added t o  o i l s  and fue l s  t o  suppress  a 
reaction or make another chemical  inac t ive . 

d e a s p h a l t i n g - -proce s s  for removing asphal t from p etro leum fract ions , 
such a s  r educed crude ; A common deasphalt ing p r o c e s s  introduces 
l i quid p ropane , in whi ch the nonaspha l t i c comp ounds are s olub le 
whi le the asphalt s e t t l e s  out . 

d e s a l t i n g - - r emov ing cal cium chloride , magne s ium chlo r i de and s od ium 
chlor ide from crude petroleum . 

d e s u l f u r i z a t i o n -' - th e  proce s s  for r emoval o f  undes irab l e  sul fur or 
s ul fur compounds from petroleum p r oduct s ,  usually by chemi cal or 
ca talytic p r o ce s se s . 

d e te r g e n t- -a sub s t ance having the p r op e r t i e s  o f  washing away unde 
s i r ab l e  sub s t ances  through l owering o f  surface t ens i on ;  wett ing , 
emu l s i fying and dispersive act i o n ;  foam format ion.  S o ap s  are 
natural detergents . In a lubri cating b i l , the property wh ich 
p r events the accumulation of dep o s i ts in eng ine p art s . 

d e t e r g e n t  a d d i t i v e - - a  subs tance incorp o rated in lub r i cating o i l s  
whi ch give s  them t h e  prop erty o f  keep ing · ins olub l e  matter in 
suspension and p reventing i ts dep o s i t ion where i t  would be 
harmful . Such o i l s  are referred to as de tergen t  o i l s .  

d i l u t i o n - - in motor o i l s  in us e ,  the c ontaminktion o f  o i l  in the 
crankcase with · s ome of the l e s s  v o l a t i l e  port i ons of the fue l 
whi c h  have p as se d  unburne,d into the crankcas e .  

d i m e r - � a  m o l e cu l e  f ormed by un ion o f  t�o s impler molecule s ,  i . e . , 
i s obutane dimer i s  a combinat i on o f  two molecule s o f  is obutane . 

d i o l e f i n s - - a  typ e o f  open-chai n ,  hydrogen-deficient hydrocarbons 
whi ch oxidize e a s i ly in air and f o rm gum in p e t r o l eum products 
during s torag e . · 

d i r e c t  d i g i t a l  c o n tro l ( D D C ) - - a  proce s s  cont rol s y s t em us ing a 
computer connected directly to the process  cont r o l s  without 

2 7 8  



us ing convent ional contro l ins trumen ts for maintaining pres e t  
var i ab le s . 

d i s p e r s a n t - - an addit ive us ed t o  prevent lubricating o i'l impuri t i e s  
(usually  oxidat ion products) from adhering t o  e ach o th er · and 
forming s ludge . 

d i s t i l l a t e - - that portion o f  a l iquid which i s  r emoved as  a yap6r 
and condens e d  during a distillation proce s s . As fue l , di s 
t i l lates are generally wi thin the 4 0 0 ° F  to 6 5 0 ° F  b o i l ing r ange 
and include Nos . 1 and 2 fue l , d i e s e l  and keros ine . 

d i s t i l l a t i o n - - the g eneral proce s s  o f  vaporiz ing liquids , crude' o i l , 
o r  one o f  i t s  fractions in a c l o s e d  ve s s e l ,  collecting and con-
densing vap ors into l iquids . 

· 

d o w n t i m e - - t ime during whi ch a machine , d ep artment o r  fact ory i s  
inactive during normal op era ting hour s . 

e f f l u e n t - -material dis charged or emerg ing from a process  o r  from 
a specific  p i ece of equipment . 

e l e c t r o s t a t i c p r e c i p i t a t o r - - a  devi ce Us ed t o  separate p ar ticUlate 
mater ials from a vaporous stream .  Separat i on is  made by e le c 
t r i c a l l y  charg ing the s o l id p artic les whi ch a r e  then attracted 
to an e l e ctrode of the opp o s ite charg e  whi l e  the vap o r s  p a s s  
through without chang e .  Thi s device is  commonly u s e d  t o  remove 
particulates from catalyt i c  cracking uni t  flue g ases ; 

e m u l s i f i c a t i o n - � the phenomenon o f  f ine dispersi on o f  one liquid 
held in iuspen s i on in a s e cond l iqui d  in whi ch it is  partly or 
comp l etely imisci ble . 

en d p o i n t - - the temperature at which the l ast port ion o f  o i l  has 
b een vapo r i z ed in ASTM or Engler d i s t i llation.  A l s o  called 
f inal b oi l ing p o int . That p o int at whi ch t i tration o r  other 
chemi cal ac t ion is  deemed comp l e t e .  

· 

e n g i n e  o i l - - generi c  term app l i ed to o i l s  used for the b e ar ing l ub 
r i c a t i on o f  al l typ e s  o f  engi ne s , machines and shaft ing and 
for· cyl inde r lub r i ca t i on other than s te am engine s .  I n  internal 
combus t i o n  eng ines · synonymous with motor o i l s , crankca s e  Oi l s . 

e r g om e t r i c s - - the s tu dy o f  human · react i ons t o  the phys ical environ
ment to op timi z e  the interact i on be tween man , machine and the 
workp l ace . 

e x t r em e  p r e s s u r e  l u b r i c·a n t s ( E P) - - lub r i cants which have the property 
of imp art ing to rubbing s urfa.ces the ab i l ity to carry appreciably 
heav i er l oads than woul d  be p o s s i b l e  with ordin a�y · lubrican t s  
wi thout exces s ive wear . Thi s property i s  usually imp arted by 
additives . 

· 

f l a r e - - a  device f o r  d i sp o s in g  o f  g a s e s  by burning . 
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f l a s h - - the l owest  temperature at which vap o r s  fro m an o i l  will i g 
n it e  momentar ily on app l i cat ion o f  a f lame . 

f l oa t i n g  ro o f - - sp ecial typ e of s t e e l  tank roof  which floats  upo n  
t h e  s ul'.fa ce o f  the o i l  i n  the t ank , thereby e l iminating tank 
breat hing and r educing evap or at ion los s e s . 

f l owe r s  a n d s u l f u r - - the e lement sul fur in a p owder s t at e .  Som e 
times cal l ed sul fur f lour , sulfur f lowers o r  b r imstone . 

f l ue  g a s - - the p ro duct s  o f  combus t i on cons i s t ing p r incip a l ly of 
ni trogen , s t e am and carbon dioxide wi th s ma l l  amoun ts of other 
comp on ents such as  oxygen and carbon monoxide . 

f l u e  g a s  e x p a n d e r - - a  turb ine used  t o  recover energy where 
g a s e s  are dis charged under press ur e  t o  the atmosphere . 
p r e ss ur e  reduction drives the imp e l l e r  o f  the turbin e .  

combustion 
The 

f r a c t i o n s - - re f iner ' s  term for the p o rt ions o f  o i l s  cbnt a in ing a 
number o f  hydrocarbon compounds but wi thin certain b o i l ing 
r anges , separated from other port ions in fract i onal d i s t i ll at i on .  
They are d i s ti nguished from pure compounds which have specified 
b o i l ing temp e rature s , not a r ang e .  

f r e e z e  po i n t - - the temper ature a t  whic h  a liquid changes t o  a s o l i d .  

fu e l  o i l s - - any l iquid o r  l iquefiable  p e t r oleum product b urned f o r  
t h e  g eneration of heat in a furnace o r  firebox o r  for the genera
t io n  of p owe r in an eng ine . Typ ical f ue l s  include c l e an d i s t i l 
late  fue l for home heating and hi gher v i s co s ity res i dual fue l s  
f o r  indus trial  furnaces . 

g a s  o i l - - a  p e t r o l eum pr oduct produced e i ther from the d i s t i l lation 
o f  crude o i l  o r  s ynthet ically by a cracking proce s s . The b o i l �  
ing r ang e may vary from 5 0 0 ° F t o  1 , 1 0 0 ° F .  

g e ar o i l s - - lub ri cating o i l s  f o r  use in s t andard tran sm i s s i ons , most 
typ es of differentia l  gear s ,  and gears contained in g e ar cas e s . 

g r e a s e , l u b r i ca t i n g - - a  s o l id to semifluid p roduct of the disper s i on 
of a thi cken ing agen t  in a fluid lub r i cant . Other ingredients 
may be added to impart special proper t i e s . 

h e a t  s i n k - - a  mas s used t o  ab sorb heat . I n  j e t aircraft the fuel 
may b e  us ed f or this purp o s e .  

h e a t i ng o i l s - - trade term for the g r oup o f  d i s t i l l at e  fue l o i l s  used 
in heating home s and bui ldings a s  d i s t ing u i s he d  from res idua l 
fue l o i l s  u s e d  in heat ing and p ower instal l at ions . Both are 
burner fue l o il s . 

h e avy e n d s - - the highest b o i l ing p o r t i on o f  a g a s o l ine o r  other 
petro leum o i l .  

hyd r a u l i c  f l u i d - - l i quid o f  p e tr o l eum or nonp e t r o l eum o r ig in used  
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in hydraul i c  sys tems . Low v i s co s i ty , low rate of change of 
v i s co s i t y  with temp eratur e ,  and l ow pour p o int are required 
characte r i s t i c s . 

h y d r o c a r b o n - - any of a large c l a s s  o f  org an i c  compounds containing 
only carbon and hydrog en , comp r i s ing paraffins , o l e f ins , acety
lene s , a l i cyclics  and aromat ic hydr ocarbons . Crude o i l ,  natural  
g as , coal and bi tumens are  primar i ly hydro carb ons . 

h y d r o c r a c k i n g - - the cracking o f  a d i s t i llate or gas  o i l  in the 
p re s ence o f  cat alyst and hydrogen to form high o ct ane gaso l ine 
b lending st ocks . 

h y d r o d e s u l f u r i z a t i o n - - th e  r emoval o f  sulfur from hydrocarbons b y  
re action with hydrogen in the p r e sence o f  a catalys t .  

h y d r o f l u o r i c  a c i d - - a  co l o r l e s s  l iqui d  b o i l ing at 6 7 " F  s olub l e  in 
a l l  p r op or t i ons in wate r .  The water mixture is  extremely c o r 
r o s ive to metal s .  Adequate s af e t y  precaut i ons mus t  b e  used 
when working with e ither l i quid o r  vapor hydro f luori c  acid.  The 
us e in the o i l  i ndus t ry is  as a catalyst in alkylation un i t s  and 
in acidiz ing o i l  we l l s . 

h y d r o g e n  s u l f i d e - - a  p o i s onous , colorl e s s , f l ammab l e  gas , whi ch 
may be prepared by the direct combina t i on o f  hydrogen and s u l fur . 
Hydrogen sulf ide can b e  reacted with cau s t i c  to form s odium 
sulfide o r  charg e d  t o  a s u l fur p l ant to p roduce sulfur . A com
p ontent o f  sour crude o i l s . 

h y d r o g e n a t i o n - - a  r e finery process  in whi ch hydrogen is  added t o  
t h e  mo l e cules  of uns atura ted ( hydrogen-defic ient) hydro carbon 
f ract ions . I t  p l ays an imp ortant part in the manufacture o f  
high octane b l en ding s t o ck s  for avi ation g a s o l ine and in t h e  
qua l i ty improvement of var i ous p etro leum p roduct s .  

h y d ro t r e a t i n g - - a  treating p ro c e s s  for the r emoval of sulfur or 
ni trogen from feedstock s  b y  repla cement with hydrogen . 

h y p o i d  g e a r s - - automo tive d i fferent i a l  gear  sys tem des igned to 
l ower the h e i g ht of the p a s s eng er car by hav ing the driveshaft 
p inion g e ar meet the ax l e  g e ar at a p o int be low the centerl ine . 
To mesh at this p o int , the g e ars mus t  have teeth in a s hap e 
which r e s embl e s  a hyperboloi dal curv e .  This cau s e s  the teeth 
t o  s l ide together w i th high frict ion as they mesh whi ch make s 
lub r i cat i on o f  this type g e ar very cri t i c a l .  

i n h i b i t o r - - an addi t ive sub s t ance whi ch , when present in a p e tr o 
leum product , prevents or r etards unde s irab l e  changes taking 
p l ace in the product , particularly oxidation and corros i on . 

i n - l i n e b l e n d i n g - - s e e b l ending . 

i n t e r m e d i a t e  c r u d e  o i l - - a  crude o i l  cont aining both naphthenes and 
p araffin s . Usua l l y  of intermediate sulfur content and in the 
med ium gravity rang e .  
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i s o b u ta n e - - a  hy dro carbon q:mt aining 4 carbon atoms and 1 0  hydr o g en 
at oms , the s ame as  normal butan e .  Different arrangemen ts o f  the 
m o l e cular s t ructure r e su l t  in d i fferent phys ical  properties . 
I s obutane with o l e f in ( s )  is  the feed  to an alkylat i on un it t o  
p roduce high  o c tane g a s o l ine . 

i some r i za t i o n - - a  refining p r o ce s s  which alters the fundamental 
arrangement of atoms in the mo l e cule . Used to convert normal  
butane into i s obut ane , an  alky l a t i on proce s s  feeds tock , and 
norma l p entane and hexane into i s opentane and i s ohexane , high 
octane g a s o l ine component s .  

i s o m e r s - - in p e t r o leum ,  di fferent compounds composed of the same 
amounts of c arbon and hydrogen but dif fer ing in p hys i ca l  proper
ties owing t o  var i a t i on in mo l e cu l ar structur e .  

i s o o c ta n e - - a  hydrocarbon comp o s e d  o f  8 carbon atoms and 1 8  hydrogen 
atom s , · a l iqu i d  at normal temperatures and a highly des irab l e  
comp onent o f  g a s o l i n e .  Although found i n  crude o i l , t h e  princi
p a l  source is  fr om synt hetic  proce s se s  such as  alkylat i on . 

k i n e ma t i c  v i s co s i ty - - the ab s o lute v i s c o s ity of a l iquid ( in 
centip o i s e s )  divided by i t s  specific  gravity at the t emperature 
at whi ch the v i s c o s i ty is measur e d .  S e e  v i s c o s i t y .  

k n o c k - - the s ound o r  " p ing" a s sociated with the auto ignit ion in the 
combus t ion chamber of an automob i l e  engine of a p or t ion of t he 
fue l - ai r  mixtur e  ahead o f  the advanc ing flame front . 

l ea d - - indus try p ar l ance for the motor fuel antiknock addit ive 
c ompoun<;l · tetraethyl l e ad .. 

l e a d  s u s ce p t i b i l i ty - - the in crease i n  o ct ane numbe r  o f  g a s o l ine 
impar ted by the addit i on of a sp e c i fi ed amount of tetraethyl l e ad.  

l i n e a r  p ro g r a mm i n g - - ins tructing a computer in mathema t i c a l  l anguage 
to p e rform s ome a c t i on under certain condit ions wh i ch is a imed 
a t  op t im i z i ng the obj ective fun c t i on .  

l i q ue f i e d  n a t u r a l  g a s  ( LN G ) � - nat�ral g a s  which has been l ique fied  
a t  a temp erature o f  m inus 2 5 8 " F  f o r  ease of  storage  and tran s 
portation.  

l i q u e f i e d  p e t r o l e um g a s  ( L P G ) - - as a rul e ,  it is  a m ixutre o f  n atural 
and/ or refine ry gas e s ,  comp r e s s e d  unt i l  a liquid and contained 
under p res sure in s t e e l  cyl inde r s .  I t  i s  used a s  fue l for many 
di fferent purpo s e s ,  such a s  tracto r s , bus es ,  t rucks and s t a t i onary 
engines ; for d ome s t i c  and indus t r i a l  purpos es ; and for p ower 
g eneration wh ere comme r c i a l  natur a l  gas is  not ava i l ab l e .  New 
us es are constan t l y  b e ing found . A r ecent dev e l opment is  the 
use of LPG as  a direct qu ick fre e z ing agent in the  fro z en foods 
indus try . I t  i s  a l s o  known and marketed as  butane , propane , 
bottled  g a s , e t c . 
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l i t h i u m- b a s e  g r e a s e - - a  lubri cat ing grease  p r ep ared from lubricating 
o i l  and a l ithium s o ap . 

l ow - s u l f u r  c r u d e  o i l - - crude o i l  conta ining l ow concentrati ons o f  
sulfur - b e aring compounds . Crude is  usually cons i dered to b e  
i n  the low - s ul fur categ o ry i f  i t  conta ins l e s s  than 0 . 5  we ight
p ercent sulfur . Examp l e s  of low- sulfur crudes are offshore 
Loui s i ana , Libyan and Niger ian crude s . S e e  a l s o  sweet crude . 

l u b e  s t oc k s - - r e finery term for fractions o f  crude p etroleum of 
suitab l e  b o i l in g  range and v i s c o s ity t o  yield lubr icating o i l s  
when further p rocessed  and treat e d .  

mec h a n i c a l  s e a l - - usually app lied t o  the app l i ca t i on o f  s e a l ing a 
r o t at ing shaft . that extends into a v e� s e l  conta ining gas  or 
l iquid against e s cape to the atmosphere as in pump ing with a 
centri fuga l  pump or mixing mat e r i al in a ve s s el us ing a type 
o f  imp e l ler . The seal  is  effected by having a s tationary r ing 
in the s e al hous ing and a rotar y  r ing affixed to the shaf t .  
A spring arrangement keeps  the two s eal faces together . 

me rca p ta n s - - organ i c  compounds p o s s e s s ing a thiol  gr oup ( - SH) . 
The s impler mercaptans have a s t r ong , r epul s iv e , gar l i c - l ike 
o dor whi ch b ecomes l e s s  p ronounce d  with i ncr easing molecular 
w e i ght . Smal l  amounts are intentional ly added to LPG so that 
even sma l l  l eaks wi l l  b e  readily noticeab le .  

meta l d e a c t i v a to rs - - or g anic compounds some t ime s added to gasol ine 
to sup p r e s s  o r  over come the t en dency of metal compounds in the 
g a s o l ine t o  form gum . The metal compounds resul t from copp e r 
t reat ing t h e  g a s o l ine o r  from o ther catalytic met al s . 

met h y l  e t h y l  ke t o n e  ( ME K) - - co l o r l e s s  l i quid obtai ned from petro 
l eum der ivat ive s . A component o f  a s o lvent used in dewaxing 
lubricat ing o i ls , a l s o  as a chemi c a l  intermediat e .  

mo l y b d e n um - - s i lvery - wh ite , very hard , meta l l i c  e l emen t with 
phys ical properties s imilar to thos e o f  i ron and chemical 
p roperti es s im i l ar to those of a nonme t a l .  The oxide o f  
molybdenum with the oxide o f  cobalt  i s  used t o  make hydrode
sulfur i zat ion cataly s t . 

n a p h t h a - - liquid hydr o carb on fractions , g enera l ly b o i l ing withi� 
t he gasoline  r ange , recovered b y  the d i s t i l l at ion o f  crude p e t r o 
l eum . U s e d  a s  s olvent s , dry c l e aning agents and charge s t o cks 
t o  reforming unit s t o  make high o ctane gaso l ine . 

n a p h th e n i c  c r ud e o i l - - a  crude o i l  t h at c ontains a l arge amount o f  
naphthenic typ e compounds . A s ource o f  naphthen ic lubricating 
o i l s . Character i s tics  vary widely between the di fferent 
p roducing f i e lds . 

n a t u ra l g a s  l i q u i d s ( N G L ) - - a  mixtur e of l i quid hydrocarb ons natur
a l ly o ccurr ing in suspen s ion in natur al gas and extracted by 
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var ious means to y i e l d  a l iqu id p roduct suitable for refinery 
and petrochemical feedstocks . 

n i t r o g e n  o x i d e - - any o f  s everal oxides of nitrogen , s ome o f  wh i c h  
are  formed i n  a mixture a s  t o x i c  fumes b y  the  act i on o f  nitric  
acid  on oxid i z ab le material or  by the  decomp o s it ion of me tal 
nitrates used as  catalysts in ref ineries and the combustion 
of g a s o l ine in interna l combu s tion eng ines . 

· 

o c t a n e  n u m b e r - - a term numerically indicating the re lative ant iknock 
value of a g a s o l in e .  I t  is based  upon a comp ari s on with the  
r efe rence fue l s  i s o octane ( 1 0 0 o ctane number) and normal hep t an e  
( O  octane number) . The o ctane numb er of an unknown fue l is  
the  vo lume p ercent o f  i s o oct ane with normal h ep t ane whi ch 
matches the unknown fuel in kno cking t endencies unde r a speci f i ed 
s e t  of condit ions . 

o l e f i n s - - a  c l as s o f  un s aturated ( hy drogen def i c i ent) open- chain 
hy drocarbons o f  which butene , e thy lene and p ropy l ene are 
examp les . P ropyl enes and butylene o l e fins . w i th is obutane are 
used i n  alkylation uni t to p roduce h i gh o ct ane gaso l ine . 
Ethy lene is the feeds tock used  by chemical p lants to produce 
p olyethy l ene p l a s t i c .  

p a r a f f i n - - a  whi te , t a s t e le s s ,  odor l e s s  waxy s ub s t ance ob tained 
from s ome p etroleum o i l s . 

p a r a f f i n i c  ty p e  c r u d e  o i l - - a  crude o i l  conta ining predominantly 
p araffinic hydrocarbons . Some typ es of this  crude o i l  are u s e d  
t o  pr oduce h i g h  qual i ty motor o il s , 

p e t r o c h em i c a l  f e e d s t o c k - - a  fr act i on o f  crude o i l  or hydro carbons 
which are used as a charge to process  uni ts in the production 
o f  pe tro leum based chemica l s . 

p l a t i n u m - - a  s i lvery-wh i t e  me tal l i c e lement c l o s e ly r e l ated t o  s ilver 
an d g o l d .  Used in the manufacture o f  catalysts used in cat a ly t i c  
reforming and i s omer i z a t i on uni t s . 

p o l ym e r - - a  product of the p o lyme r i z at ion of normally gase ous o lefin 
hydro carbons t o  form high oct ane hydr ocarbons in the g a $ o l in e  
b o i l ing rang e .  

p o l ym e r i z a t i o n - - th e  p r o ce s s  o f  combin ing two o r  more s imp le mo lecules 
of the s ame typ e ,  called  monome rs , to form a s ingle mo l e cul e 
having the s ame e lements in the s ame· proport ion as  in the o rig inal 
mo l e cule but hav i ng d i f feren t  molecular weig hts . The p roduct 
of the combination i s  a p o lyme r .  The comb inat ion of two or more 
dis s imilar mo l e.cu l e s  is known as copo l ymeri z a t i on .  The p roduct 
of this  comb inat i on i s  a copo lymer , 

p o u r  d e p r e s s a n t ,  p o u r  p o i n t  d e p r e s s a n t - - an additive whi ch l owers 
the p our p oint o.f a lubri cating o i l .  Al s o  p our p o int inhibito r ,  
Also  used in furnace o i l s  t o  improve low t emp erature f l ow and 
pump ab i l i ty proper ti e s . 
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p o u r  p o i n t - - th e  l owest temp erature at whi ch an o i l  wi l l  pour o r  
f low when chilled,  without d i s turb ance . 

p r e s u l f i d e - - a step in the catalyst regeneration procedure whi c h  
treats the cataly s t  wi t h  a s u l fur - b earing mat er i al such as  
hydrogen sulfide o r  carbon b i sulfide t o  conver t  the met a l l i c  
consti tuents o f  the catalyst t o  the sulfide form in o rder t o  
enhance i t s  catalyti c  activity and s t ab i l i t y .  

p ro c e s s  u n i t - - a  s eparate f ac i l i ty w i th in a re finery , con s i s ting 
o f  many t yp e s  of equipment such as  heaters , fractionat ing 
column s ,  heat exchang er s ,  v e s s e l s  and pump s , des igned to a c c om 
p l i sh a part icular fun c t i on wi thin the re finery comp l e x .  F o r  
examp l e , t he crude process ing uni t  i s  designed t o  s eparate the 
crude into s everal fractions , whi le the c atalyti c  ref orming 
un i t  i s  designed to convert a specific  crude fract i on into a 
usable  g a s o l ine b lending s t o c k .  

p r o pa n e - - a  s aturated hydrocarbon containing 3 carbon atoms an d 8 
hydrogen atom s , gaseous a t  normal temperature and p r e s s ure , 
but g enera lly s t o red and t ransp o rted as a l i quid under pre s s ure . 
Use d  for domestic  heating and cooking and for cert ain indus trial 
purp o s e s , s uch as  me tal  cutt ing . 

r a f f i n a t e - - in so lvent re fining ; that portion o f  the o i l  which 
r emains und i s s o lved and i s  not r emoved by the s e l ect ive s o lv en t .  

r e fe r e n c e  f u e l - - a  s tandard fuel u s e d  in t e s t ing performance qua l ity 
o f  fuel products . 

r e f i n e ry po o l - - an expres s i on f o r  the  mixture obtained i f  all  
b l ending s t o cks f o r  a g iven type of  product were  b lended t o g e ther 
in p roduc ti on rat i o .  Usual ly u s e d  in reference to motor g a s o l ine 
o c t ane r a t ing . 

r e f l u x i n g - - in fractional d i s t i l l a t i o n ,  the return o f  p art of the  
condens ed vapor t o  the  fractiona t ing column t o  a s s i s t  in  mak ing 
a more complete  s ep ar at i on o f  t h e  desired fract ions . The 
mat e r i a l  r eturned is r e flux . 

reforma te- - th e  high octane product from reforming a nap htha . 

r e fo rm i n g - - the mild t hermal cracking o f  naphthas to obtain more 
vo l a t i l e  p roducts , such as  o l e f in s ,  of  hi gher octane values or 
ca talytic conve r s ion of n aphtha c omp onents t o  p roduce higher 
o c t ane aroma t i c  compounds . 

Re i d  v a po r p r e s s u re ( RV P ) - - th e  me thod of measur ing vapor p r e s s ur e .  
S e e  vapor p r e s s ur e . 

r e s e a r c h  o c ta n e  n u mber ( RON ) - - an expre� s i on for the ant iknock 
rat ing o f  a motor g a s o l ine . Accepted as  the guide to the ant i 
knock qual i t i e s  o f  fue l s  when vehicles  ar e op erated under con
d i t i ons a s s o ciated with l ow eng ine speeds . 

· 
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r e s i d u a l  d e s u l f u r i z a t i o n  ( R DS ) - - the removal o f  sul fur-bearing com
pounds f rom topped crude or viscous res iduums. obtained in re 
finery operat i ons . 

r e s i d u a l  f u e l  o i l s - - topp e d  crude petroleum o r  vis cous r e s i duums 
obtained i n  r e finery operations . Commercia l  grade s of burner 
fue l o il s  N o s . 5 and 6 are r e s i dual o i l s  and include Bunker 
fue l s .  

· 

r i s e r  c r a c k i n g - - app l i e d  t o  f luid catalytic cracking uni t s  where  
ihe mixture o f  feed o i l  and ho t catalyst i s  ·continuous ly fed 
into one end o f  a p ip e  (riser)  and dis charges at the  o ther end 
where catalyst s eparat ion is  accomp l i s hed after - the dis charge 
from the p ip e . There is  n o  den s e  phase bed through wh i ch the 
oil  must p a s s  a s  a l l  the cra�king o ccurs in the inlet p ipe 
( r i s er ) . 

r o a d  o c t a n e - - a  numerical value based up on the relat ive antikno ck 
pe rformance in an automob i le of a t e s t  gaso l ine as comp ared _ 
with specified reference fue l s . Road oct anes . are de termined 
by operating a car over a s tr etch of .l eve l road or on a cha s s i s  
dynamome ter under c ondi tions s imulating tho.se encountered o n  the 
highway . 

S A E  n u m b e r s - - a  c l a s s i f i ca t i on of moto r ,  transmis s ion _ and different ial 
lubrican ts to indicate viscos i t i e s ,  s t andardi zed by the S o c i ety 
of Automot ive Engine er s .  They do not connote qua l i ty of the 
l ub r i cant . 

s c a l e  wa x - - the p araffin der ived by swe a t ing th e greater p art o f  
the o i l  from s l ack wax . I t  cont ains up to 6 p ercent . of o i l . 
Also  cal l e d  crude s cal e . 

s h e a r - - rate o f  s he ar i s  t he ratio o f  f low rate or v e l o c i ty ( o f  a 
lubr i cant) t o  the cl earance b etween two parallel  surfaces  mov i ng 
in opp o s i t e  d i r e c t i ons . For practi cal purpo ses , s hear ing s t res s 
may be con s idered as  the p r e s sur e t o  cause flow and rate o f  
s he ar a s  t h e  r a t e  of flow . 

s i l i c a - -dioxide o f  s i l i con . Used  in the manufacture o f  g l a s s  and 
re fractory mater i a l s . 

s l a c k  wa x - - s of t  crude wax obtained from p r e s s ing p araffin dis t i l l ate 
or wax o i l .  

s m o k e  p o i n t - - th e  maximum height a f l ame can b e  extended without 
smoking the l amp chimney when t e s t ing keros ine un de r specified  
test  condi t i ons . 

s o l i d . s t a t e  e l e c t r o n i c s - - l ow voltage e l ectrical c i rcui t ing us i ng 
trans i s to r - typ e components . Ve ry rugged an d durab le with n o  
vacuum tub e s  o r  p arts sus cep t ib l e  t o  vibration.  

s o l v e n t - - a  sub s t ance , usually a l iqui d ,  capab l e  o f  ab s o rb ing 
another liqui d ,  g a s  or s o l i d  to form a homo geneous mixture . 
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s o l v e n t e x t r a c t i o n - - the process  o f  m1x1ng a p e tr oleum s t o ck with  
a s e l e cted s olvent , which preferentially d i s s olves unde s i r e d  
const i tuents , s ep arat ing t h e  resul t ing two l ayers and recove r 
i ng t h e  s olvent from t h e  raff inate ( t he purified fraction) and 
from the extract by d i s t i l l ation . 

s o u r  c r u d e - - crude o i l  wh ich ( 1 )  i s  corros ive wh en h eate d ,  ( 2 )  
evolves s i gnificant amoun ts o f  hydro gen sulfi([e o n  distillat ion , 
o r  ( 3 )  pro duces l i ght fractions whi ch requ ire swee ten�n g .  Sour 
crude s usua l ly , but not nE>ce s s ar i l y ,  h ave high sulfur content .  
E xamp l e s  are mo s t  We s t  Texas· and Middle E a s t  cr1.1de s .  

· 

s t a b i l i ty - - in petro l eum p ro duct s ,  the resis tance t o  chemical chan g e .  
Gum s tab i l i ty in g as o l in e  means resis tance .to gum formation 
whi l e  in s torage . Oxida t ion s tability in lub ricating o i l s  and 
o ther products means res is t ance to oxidation to form s ludge o r  
gum i n  u s e .  

s ta t i o na ry t u r b i n e  fu e l - - fu e l  f o r  indus trial turb ines a s  opp o s e d  
t o  a i rcraft- type turbine engines . 

s t o c k s - �petroleum in s torage , bn th crude and r efined products ; 
include s  crude awai ting p ro c e s s ing and p roducts awaiting trans 
fer to the point o f  ut i l i z a t i on .  

s t ra i g h t - r u n  d i s t i l l a t e - - fraction o f  crude o i l  whiCh b o i l s  between 
4 0 0 " F  and 6 5 0 " F .  Prima r i ly s ol d  a s  keros in e , heat ing o i l  ( No . 
1 and No . 2 fue l o i l) , and die s e l  fue l .  

s tra i g h t - r u n  g a s o l i n e - - l ow b o i l ing fraction o f  crude o i l  whi ch , 
after further proces s in g ,  i s  used as  a finished motor ·g_asol ine 
b l ending st ock . 

s u b s t i t u t e n a t u ra l  g a s  ( S N G ) - - a  gas having s imi l ar chemical and 
us e p roperties t o  natural gas . Manufacturab l e  from pe troleum 
l i quids , coal and other hydrocarbons . 

s u l fo n a te s - - a  group o f  petroleum hydrocarbons resulting from t reat 
ing o i ls  with sulfuric a c i d .  Used as  synthe t i c  detergents , 
emuls i fying and we tt ing agents , and chemical intermed iates . 

s u l f u r i c a c i d - - a  he avy corr o s i ve o i l y  dibasic s trong acid that i s  
c o l o r l e s s  when pure and i s  a vigorous oxi di zing and dehydrating 
agent . Compos e d  of sul fur , o xygen and hydrogen . Us e d  .in the 
chemi cal re fining of p et r o l eum p roduct s ,  One of the two com
monly used catalys t s  for alkylat i on un its . 

s u rfa c t a n t - - a  sub s t ance whi ch imp arts emul s i fi ab il i ty ,  spreadin g , 
we tt ing , dispers i b i l ity o r  other s ur face -modifying propert i e s . 

s we e t  c r u d e - - crude o i1 wh ich ( l) i s  not corro s iv e  when heate d ,  
( 2 )  doe s  n o t  evolve s igni fi cant amounts o f  hydrogen sul fide 
on dis t i l lation ,  and ( 3 )  p ro duces l i ght fractions which do 
n o t  require s we e tening .  Swe e t  crude always h a s  l ow sulfur 
con tent . Examp l e s  are o ffshore L oui s iana , L ib yan and Nigerian 
crudes . 
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s w e e t e n i ng - - th e  proce s s  o f  improving petro leum products in color 
and odor by converting the und e s i rab le sul fur compounds into 
l e s s  obj e ct ionab l e  disulfides or by removing them by contacting 
the petrol eum s t r e am with alka l i e s  o r  o ther sweetening agent s . 

s y n t h e t i c d e t e r g e n t s - - liquid o r  s o l i d  materials cap ab l e  o f  dis s o lv 
ing o i ly mater i a l s  and d i sp e r s ing or emul s i fying them in wate r .  
Petroleum sulfonates are examp l e s  o f  synthet i c  detergents . 

s y n t h e ti c l u br i c a n t s - - a  gr oup o f  products , s ome of which are made 
from petroleum hydro carb ons , natural  gas or refinery gases , 
wh ich are u s e d  as o i l s  o r  lubr i c at ing greases where heat , 
chemical res i s t ance and other r equi rements can b e  better met 
than with  s t ra i ght petroleum pro ducts . 

t e tr a e th y l  1 e a d  ( T E L )  [ Pb ( C 2H 5) 4 ] - - a  volatile lead compound whi ch 
i s  added in concentrations up to 3 cc . p e r  g a l lon to motor and 
avi a t i on g a s o l ine to increa s e  the ant iknock propert i e s  of th e 
fue l .  

t e t rame t hy l  l e a d  ( TML ) [Pb ( CH 3) 4 ] - - a  h i ghly volatile lead compound 
added to motor gasol ine to reduce kno ck.  May b e  used  a lone o r  
in mixtur e s  wi th TEL .  

t h erma l c ra c k i n g - - a  refining proce s s  which de comp o s e s , r earranges 
or comb in e s  hydrocarbon mo lecules by t he app l i ca t i on of heat 
without the aid  of cat aly s t s .  

t h i o p h o s p h a t e s - - lube o i l  add i tives formed by the comb ination o f  
sulfur and p hosphorus . Usua l ly P zS 5 ,  phosphorus p entasulfide , 
s ome t imes called phospho r i c  sulfide,  p ho sphorus persulf ide o r  
thiophosphoric anhydr ide . These add itives a r e  usually supp l e 
mented b y  more convent i onal add i t iv e s , i . e .  bar ium s a l t s . 

tol u e n e - - an aromat i c  solvent having a specific  gravity r ang ing 
b e tween 0 . 8 6 9 0  and 0 . 8 7 3 0 .  Has many chemical uses  and may b e  
a c omp onent o f  aviation g a s o l ine o r  motor gas o l ine . 

top p e d  ( r e du c e d )  c r u d e - - a  res idual p roduct remain ing afte r the 
remova l ,  b y  dis t i l la t i on or o ther process ing means , o f  an 
appreciab le quant ity o f  t h e  more volatile  comp onents o f  crude 
p etro leum .  

to p p i n g - - the d i s t i l la t i on o f  crude p etroleum t o  remove the l ight 
fract ions only . 

t o t a l  oxygen  d em a n d  ( TO D ) - - for aque ous effluents , the s um o f  chem
ical  and b io lo g i ca l  oxygen demand .  

t r a c e  c o n tami n a n t s - - impur i t i es p re s en t  i n  small  concentrations . 

tr i  c re syl  p h o s p h a t e  ( TCP ) . [PO ( O C6H 4 CH: ) 3 ] - - co lorless  t o  y e l l o� . l iqu i d  used  as a gas o l 1n e  and lubr1 can t addi t ive and p l a s t 1 c 1 z e r .  

tr i me r - - a  molecule  formed by union o f  three s imp ler mo l e cules o f  
the s ame compound.  
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u n s a t u ra t e s - - hydrocarbon compounds o f  such molecular s t ructure 
th at they readi ly p i ck up addi t i onal hydrogen atoms . Olefins 
and di o l e f ins , whi ch occur in crack ing , are o f  this typ e .  

v a c u um d i s t i l l a t i o n - - di s t i l lation unde r reduced p r e s sure , whi ch 
reduces the b o i l ing temp erature o f  the mate r i a l  b e ing dist i l l ed 
sufficiently t o  prevent decomp o s i t ion o r  crack ing . 

v a c u um u n i t - - a  un it operated b el ow atmospheric  p r e s s ure whi ch 
a l l ows vap o r i z at i on o f  more o f  the heavier g a s  o i l  mo le cule s  
fr om t h e  crude res i due without t hermal d i s integration o f  the 
mo l ecules . 

· 

v a p o r  l o c k - - the disp l acement o f  l iquid fue l in the feed l ine and 
the interrupt i on of normal motor opera t i on ,  caused  by the vap o r 
i z a t ion o f  l ight ends in the g a s o l ine . Vapor i z a t i on occurs when 
the temperature at s ome p o int in the fuel s y s t em exceeds the 
b o i l ing p o ints o f  the volatile  l ight ends . 

va p o r  p re s s u r e - - th e  pres sur e exerted by the vap o r s  re leased from 
an o i l  at a g iven temp erature when enc l o s ed in an airtight con
ta iner . For mo tor g a s o l ine a cri ter i on o f  vap o r - l ock tendencies ; 
for li ght products g ener a l ly an index o f  s torage and handl ing 
requi remen t s . 

v a p o r  reco v e ry s y s t e m - - system for contro l l ing hydrocarbon vapor 
l o ss e s  from a refinery . 

v i rg i n  g a s  oi l ( V G O )  d e s u l fu r i z a t i o n - - th e  r emova l o f  sul fur 
b earing comp ounds from hydr ocarbon fr ac t i ons b o i l ing in the gas 
oil range and c onta ining no cracked mate rial . 

v i rg i n  s t o c k - - o i l  p r o ce s s ed from crude o i l  which contains no 
cracked mate r i al . A l s o  called stra ight - run s t o c k .  

v i s b re a k i n g - - l ower ing or bre aking the visco s i ty o f  r e s i duum by 
cracking at rel ative ly low t emp e ratures .  

v i s c os i ty - - the measure o f  the int ernal fr i c t ion o r  r e s i s tance o f  
an o i l  t o  flow . 

v i s c o s i ty i n d e x - - a  s ca l e  s howing the magni tude o f  viscos ity changes 
in lub r i cat ing o i l s  wi th chang es in temp e rature . 

v o l a t i l i ty - - that  property o f  a l iquid which denot e s  its  tendency 
to vap or i z e .  

w a t e r  s c r u b b e r - - a  me chanical device usually app l i e d  t o  a g as con
tain ing part iculate matter in whi c h  water is sprayed counte r 
current into t h e  s t r e am .  The water containing s ol ids i s  usually 
s en t  to s ome mean s  of separat ing the s o l i ds from the water . 

w a x - - a  term used l o o s e ly for anr of a group o f  sub s tances resemb l ing 
b e eswax in app earance and character and , in general , d i sting i shed 
by their comp o s i t i on o f  e sters o f  the higher a l cohols  and by 
the i r  freedom from fatty acids . 
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y i e l d - - in petro leum ref ining , the p ercentage o f  product or int e r 
med i at e  fract i ons b a s e d  o n  t h e  amount charged to t h e  process ing 
operation.  

z e o l i t i c  c a t a l y s t  ( f l u i d  c a t a l y t i c  c r a c k i n g ) - - cataly s t  is  normally 
considered to b e  of twb typ e s : n atural clays can b e  used or 
a synthetic clay can b e  chemically produced.  Since th e e arly 
1 9 6 0 ' s ,  mo dern crack ing catalys t s  contain a s il i ca- a lumina 
cry s ta l l ine s tructured mater ial  called zeol i t e .  Thi s  zeolite  
i s  commonly cal led a mo l e cular s ieve . The admixture of  a mo l e 
cular s i eve in with the base  c lay matrix imp arts des i rable 
c r acking s e l e ctivit i es . 
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